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(54) Clock timing recovery methods and circuits 

(57) In a clock timing recovery circuit for recovering 
the clock timing from a baseband signal obtained by de- 
tection of a received signal, clock timing is rapidly es- 
tablished by using a clock which has been phase-shifted 
from the desired clock timing to sample the baseband 



signal, and by obtaining the optimum phase from the 
sampled signal obtained as a result. A clock-timing re- 
covery circuit according to this invention does not re- 
quire oversampling and provides easy optimisation of 
circuit constants. 
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Description 

The present invention relates to the transmission of digital data and in particular to the recovery of clock timing at 
the receiving side. 

5 Some terminology used in this specification will be defined. First of all, "sampling clock" means a clock used for 

sampling in a demodulator. Next, "clock timing" means the timing of the sampling clock when the bit error rate is 
minimum. Finally, "symbol rate" means the rate at which the main signal changes, i.e., the modulation rate. 

The growth of multimedia communications in recent years has necessitated the provision of multimedia wireless 
communication systems capable of high-speed transmission of digital data in burst form. Examples of such systems 

10 include high-speed wireless local area networks (LANs) and future public land mobile telecommunication. To process 
digital data at high speeds without bit errors, it is essential to have, at the receiving side of these wireless communication 
systems, a clock timing recovery circuit which rapidly establishes the clock timing using a signal tor clock timing recovery 
added to the front of a burst of digital data, and which subsequently tracks fluctuations in clock timing. A clock timing 
recovery circuit which tracks fluctuations in clock timing is also necessary when transmitting continuous digital data. 

15 Conventional clock timing recovery circuits can be broadly divided into circuits which recover clock timing at the 

symbol rate by analogue processing, and circuits which recover clock timing by digital processing after oversampling. 
A tank-limiter clock recovery circuit using IF signal operation is an example of the former, while a clock recovery circuit 
using a binary quantized digital phase-locked loop (BQDPL) is an example of the latter. Examples of the configuration 
of these two conventional kinds of clock timing recovery circuit are explained below. 

20 FIG. 1 shows an example of the configuration of a demodulator provided with a tank-limiter clock recovery circuit 

using IF signal operation. This demodulator comprises quadrature detector 1 to which the IF signal is input, analogue- 
to-digital converters 2 and 3 which sample the outputs of quadrature detector 1 , baseband signal processing circuit 4 
which obtains decoded signals by processing the sampled signals that are output by analogue-to-digital converters 2 
and 3, and tank-limiter clock recovery circuit using IF signal operation 200 for recovering the clock timing. Tank-limiter 

25 clock recovery circuit using IF signal operation 200 comprises envelope detection circuit 201, tank circuit 202 and 
limiter circuit 203. 

The IF signal is input to envelope detection circuit 201 , which extracts the clock frequency component by nonlinear 
processing of the IF signal, which does not itself contain the clock frequency component. Tank circuit 202 comprises 
a narrowband band-pass filter and reduces clock jitter. Limiter circuit 203 shapes the sinusoidal clock obtained by tank 
30 circuit 202 into a square wave. If sampling is performed using the clock obtained in this way the bit error rate is mini- 
mised. It is this clock which is supplied to various sections of the demodulator, including analogue-to-digital converters 
2 and 3. 

A detailed explanation of a tank-limiter clock recovery circuit using IF signal operation is given in "TDMA Commu- 
nications" by Yamamoto and Kato, published by the lElCE Japan. 

35 FIG. 2 shows an example of the configuration of a demodulator provided with a clock recovery circuit using a binary 

quantised digital phase-locked loop (BQDPL). A flowchart of the operation of this BQDPL clock recovery circuit is given 
in FIG. 3. The demodulator comprises quadrature detector 1 to which the !F signal is input, analogue-to-digital convert- 
ers 2 and 3 which sample the output of quadrature detector 1, baseband signal processing circuit 4 which obtains 
demodulated signals by processing the sampled signals that are output by analogue -to-digital converters 2 and 3, and 

40 BQDPL clock recovery circuit 210 which recovers the clock timing. BQDPL clock recovery circuit 210 comprises zero- 
crossing detector 211, phase decision circuit 21 2, loop filter 213, and VCO (voltage-controlled oscillator) 214. 

Analogue-to-digital converters 2 and 3 and baseband signal processing circuit 4 operate at twice the symbol rate, 
and input to BQDPL clock recovery circuit 210 the sampled signal obtained by sampling at twice the symbol rate. 
Sampled signal D(t+nT), which has the same period as the symbols, is input to zero-crossing detector 211. (T is the 

45 symbol period and n Is an arbitrary integer.) When the sign of the input signal inverts (i.e.. when a zero-crossing occurs) 
zero-crossing detector 211 sends notification of this to phase decision circuit 212. Sampled signal D(t+nT) is then input 
to phase decision circuit 212 along with sampled signal D{t+(n-1/2)T} which has been sampled with a timing leading 
D(t+nT) by T/2. Phase decision circuit 212 decides, on the basis of the signs of the two signals, whether the sampling 
timing leads or lags the clock timing (at which the bit error rate is minimum). In other words, if D(t+nT) x D{t+(n-1/2) 

50 J] is positive, it decides that the sampling timing lags, and if it is negative, it decides that it leads. Phase decision circuit 
212 outputs a decision result only when zero crossing detector 211 has detected a zero crossing. Loop filter 213 is a 
type of integrating circuit and integrates the decision results of phase decisbn circuit 211 . and on the basis of the result 
of this integration controls the frequency of the clock (twice the symbol rate) output by VCO 214. The result of this 
processing is that any lead or lag of the sampling timing is regulated and a clock timing giving a minimum bit error rate 

55 is obtained. It is this clock which is supplied to various sections of the demodulator, including analogue-to-digital con- 
verters 2 and 3. 

A detailed explanation of a BQDPL clock recovery circuit is given in "Digital Communications By Satellite" by V.K. 
Bhargava. D. Haccoun, R. Matyas and P.P. Nuspl. New York: Wiley. 1981. 
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Tank-limiter clock recovery circuits using IF signal operation and BQDPL clock recovery circuits are both widely 
employed in the receivers used when low-speed digital data is being transnnitted. However, several problems are 
encountered in receiving high-speed digital data. These problems will be explained below. 

A tank-limiter clock recovery circuit using IF signal operation employs a tank circuit, which is a narrowband band- 
pass filter, to reduce clock jitter. To reduce clock jitter, the Q of the tank circuit has to be made large (Q = fo/Af, where 
fg is the centre frequency of the filter and Af is the 3<iB bandwidth). However, the delay of a single-tuned resonator, 
which is generally used as a tank circuit, can be expressed as approximately Q/4 (symbols). Accordingly, if the Q is 
made large, the delay of the tank circuit is lengthened, with the result that more time is needed to recover the clock 
timing. By way of an example, in a wireless LAN system conforming to RCR standard STD-34A, "IQGHz Band Data 
Transmission Radio Equipment for Premises Radio Station", established by the Research & Development Centre for 
Radio Systems, the Q required to obtain a good bit error rate is around 110. In this case, the delay is approximately 
28 symbols which means that a considerable time is needed to recover the clock timing. Moreover, because this circuit 
is an analogue circuit, it is difficult to reduce clock jitter and to optimise the time taken to recover the clock timing. A 
further shortcoming is that because the clock frequency component has been removed from the IF signal, the clock is 
lost if the level of the IF signal drops as a result of fluctuations etc. of the propagation path conditions. 

The loop filter of a BQDPL clock recovery circuit integrates a control signal that shows the phase lead or lag of 
the sampling clock. In other words, the VCO is controlled after the signal for clock timing recovery has been obsen^ed 
for a long time. Clock jitter can therefore be reduced by increasing the integration time of the loop filter, but because 
this also results in more time being required to recover the clock timing, there Is the same problem as encountered 
with a tank-limiter clock recovery circuit using IF signal operation. Furthermore, more time is required to correct the 
phase difference between the initial phase of the clock which is output by the VCO and the phase of the clock timing 
which minimises the bit error rate, as this phase difference becomes larger. A resulting problem is that under normal 
service conditions, in which the size of the phase difference is not fixed, there will be a spread in the time taken to 
recover the clock timing. Moreover, because this circuit requires oversampling at twice or more times the symbol rate, 
there are difficulties Involved In digital implementation and in coping with increases In the transmission rate of digital 
data. 

It is an object of the present invention to provide a clock timing recovery method and circuit which overcomes such 
problems, can rapidly establish the clock timing, does not require oversampling, and wherein circuit constants are 
readily optimised. 

According to a first aspect of the present invention, there is provided a clock timing recovery circuit comprising 
clock generating means which generates a system clock which repeats with a fixed period, phase shift means which 
outputs a first clock, which is phase-shifted with respect to the system clock, as the clock timing for sampling the 
baseband signal obtained by detection of the received signal, and control means for controlling the amount of phase 
shift of this phase shift means; wherein a signal for clock timing recovery is added to the baseband signal; and the 
control means includes first means which causes there to be output from the phase shift means, as a sampling clock 
for sampling the signal for clock timing recovery, a first clock whereof the phase of its n-th leading edge point or trailing 
edge point (n = 1 , 2, 3, ...) from the origin, where one leading edge point or trailing edge point of the system clock is 
taken as the origin, is shifted by nXAt relative to the phase of the system clock {where At is a predefined amount of 
phase shift); and second means which estimates, from the sampled signal obtained by sampling the signal for clock 
timing recovery, the phase difference between the phase of the system clock and the clock timing at which the bit error 
rate becomes minimum, and which, on the basis of this estimated phase difference, causes there to be output from 
the phase shift means the clock timing for sampling the baseband signal that follows the signal for clock timing recovery. 

Radio communication equipment for transmitting digital data in bursts generally transmits and receives burst sig- 
nals comprising a signal for clock timing recovery (BTR), a signal for frame synchronisation (UW), and data. The BTR 
portion of the baseband signal obtained by receiving and detecting this burst signal approximates to a sine wave (in 
the absence of noise and transmission path distortion it is an exact sine wave), and the rest of the signal will form an 
eye pattern. The first aspect of this invention utilises the fact that the BTR portion of the baseband signal approximates 
a sine wave, and after sampling this signal with a successively phase-shifted clock, uses the sampled signal obtained 
to estimate the clock timing. This enables clock timing to be recovered rapidly in a. time period of the order of four 
symbols. ^ 

In order to make the clock timing recovered from the BTR portion track frequency fluctuations of clock timing in 
other portions of the baseband signal, there can be provided sampling clock generating means which generates a 
second clock with leading or trailing edge points which lead the leading or trailing edge points of the first clock that is 
output by the phase shift means by a predefined timing difference 5t, and a third clock with leading or trailing edge 
points which lag behind the leading or trailing edge points of this first dock by the same timing dllference 6t; and means 
which selects the clock which the control means, using the first means, makes the phase shift means output as the 
sampling clock for sampling the signal for clock timing recovery, and which selects the output of the sampling clock 
generating means as the sampling clock for sampling the baseband signal that follows the signal for clock timing 
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recovery; and the second means can include arithmetic means which calculates the amount ol phase shift of the phase 
shift means by comparing the decision error obtained from the sampled signal at the leading or trailing edge points 
that lead by 6t, with the decision error obtained from the sampled signal at the leading or trailing edge points that lag by5t. 
By tracking frequency fluctuations, accurate clock timing recovery can be performed and bit errors of digital data 
5 can be reduced even when a system clock with poor frequency stability is used. 

The configuration that serves to track frequency fluctuations can also be utilised independently of the configuration 
of the first aspect of this invention. 

According to a second aspect of the present invention, there is provided a clock timing recovery circuit comprising 
clock generating means which generates a system clock which repeats with a fixed period, phase shift means which 
10 outputs a first clock, which is phase-shifted with respect to the system clock, as the clock timing for sampling the 
baseband signal obtained by detection of the received signal, and control means for controlling the amount of phase 
shift of this phase shift means; wherein there is provided sampling clock generating means which generates a second 
clock with leading or trailing edge points which lead the leading or trailing edge points of the first clock by a predefined 
timing difference 5t, and a third clock with leading or trailing edge points which lag behind the leading or trailing edge 
15 points of the first clock by the same liming difference 6t; and wherein the control means includes arithmetic means 
which calculates the amount of phase shift of the phase shift means by comparing information relating to the phase 
error of the clock timing, said information being obtained respectively from the sampled signals obtained by sampling 
the baseband signal using the second and third clocks as the respective sampling clocks. 

The decision error of the phase component of the sampled signal obtained by sampling can be utilised as the 
20 information relating to the phase error. Alternatively, when the baseband signal is obtained by coherent detection, the 
decision error of the signal points of the sampled signal can be utilised. By utilising the decision error of the phase 
component or the decision error of the signal points, not only can clock timing be recovered for portions of the burst 
signal other than the BTR. but it will also be possible to recovery clock timing from a continuous signal. 

It is also possible to utilise the amplitude of the sampled signal obtained by sampling the BTR as the information 
25 relating to phase error that is used to recover the clock timing from the BTR. In this case, it is preferable to provide a 
means which shifts the timing of the first clock by a half period when it has been detected from the signal for clock 
timing recovery that the timing of the system clock and the clock timing of the baseband signal deviate by a half period. 

A possible configuration is for the sampling clock generating means to include means which alternately selects 
the second clock and the third clock and outputs these as one clock, and for the control means to compare the phase 
30 error related information obtained alternately in respect of the second clock and the third clock. A possible configuration 
different from this is for the sampling clock generating means to output the second clock and the third clock separately, 
and for the control means to compare the phase error related Information obtained separately in respect of the second 
clock and the third clock. When the second clock and the third clock are output separately, a possible configuration is 
for the second clock to be output as a sampling clock for one of the in-phase channel and the quadrature channel; for 
35 the third clock to be output as a sampling clock for the other channel, and for the arithmetic means to compare the 
phase error related information obtained respectively from the in-phase channel and the quadrature channel. 

A possible configuration is for the second and third clocks generated by the sampling clock generating means to 
be output to the main signal lines as sampling clocks for decoding the digital data from the baseband signal. A possible 
configuration different from this is to output the first clock to the main signal lines as the sampling clock for decoding 
40 the digital data from the baseband signal, and to provide sampling means which uses the second clock and the third 
clock to sample the baseband signal in separate lines from the main signal lines, and means for obtaining phase error 
related information from the output of this sampling means. 

When recovering clock timing from a burst signal, it is also possible to acquire the clock by utilising the amplitude 
of the sampled signal obtained by sampling the BTR, and to track frequency fluctuations of clock timing by utilising the 
45 decision error of the sampled signal obtained by sampling a portion of the signal other than the BTR. 

Namely, according to a third aspect of the present invention, there is provided a clock timing recovery circuit com- 
prising clock generating means which generates a system clock which repeats with a fixed period, phase shift means 
which outputs a first clock, phase-shifted with respect to the system clock, as the clocktlming for sampling the baseband 
signal obtained by detection of the received signal, and control means for controlling the amount of phase shift of this 
50 phase shift means; wherein a signal for clock timing recovery is added.to the baseband signal; and wherein there is 
provided sampling clock generating means which generates a second clock with leading or trailing edge points which 
lead the leading or trailing edge points of the first clock by a predefined timing difference 6t, and a third clock with 
leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the same timing 
difference 6t; and wherein the control means includes first arithmetic means which calculates the amount of phase shift 
55 of the phase shift means by comparing the amplitudes of the sampled signals respectively obtained by sampling the 
signal for clock timing recovery using the second and third clocks respectively as sampling clocks, and second arith- 
metic means which calculates the amount of phase shift of the phase shift means by comparing the decision errors 
obtained when the baseband signal following the signal for clock timing recovery is sampled using the second and 



4 




EP 0 821 503 A2 

third cicxks respectively as sampling clocks. 

According to a fourth aspect of the present invention, there is provided a clock tinning recovery method for recov- 
ering, from a signal for clock timing recovery contained in the baseband signal obtained by detection of the received 
signal, the clock timing for sampling the baseband signal that follows this signal for clock timing recovery, said method 

5 comprising forming, as the sampling clock, a clock whereof the phase of its n-th leading edge point or trailing edge 
point (n = 1 , 2, 3, ...) from the origin, where one leading edge point or trailing edge point of a system clock which repeats 
with a fixed period is taken as the origin, is shifted by nXAt relative to the phase of the system clock (where At is a 
predefined amount of phase shift); sampling the signal for clock timing recovery using this sampling clock; estimating, 
from the sampled signal obtained by this sampling, the phase difference between the phase of the system clock and 

10 the clock timing at which the bit error rate is minimum; and recovering the clock timing for sampling the baseband 
signal that follows the signal for clock timing recovery by causing the phase of the system clock to shift by the estimated 
amount of phase difference. 

According to a fifth aspect of the present invention , there is provided a clock timing recovery method for recovering 
clock timing on the basis of the decision error of the sampled signal obtained by sampling the baseband signal, said 

15 method comprising forming, from a first clock obtained by phase shifting a system clock which repeats with a fixed 
period, a second clock with leading or trailing edge points which lead the leading or trailing edge points of the first clock 
by a predefined timing difference 5t, and a third clock with leading or trailing edge points which lag behind the leading 
or trailing edge points of the first clock by the same timing difference 5t, said second and third clocks serving as sampling 
clocks for the main signal lines; obtaining decision errors from the sampled signals obtained by using these second 

20 and third sampling clocks to sample the baseband signal; calculating the amount of phase shift to be applied to the 
first clock on the basis of the result of comparing the decision error obtained from the sampled signal at the leading 
edge or trailing edge point of the second clock with the decision error obtained from the sampled signal at the leading 
edge or trailing edge point of the third clock; and shifting the phase of the system clock on the basis of this calculated 
amount of phase shift. 

25 According to a sixth aspect of the present invention, there is provided a clock timing recovery method for recovering 

clock timing on the basis of the decision error of the sampled signal obtained by sampling the baseband signal, said 
method comprising: outputting, as the sampling clock for the main signal lines, a first clock obtained by phase shifting 
a system clock which repeats with a fixed period, and forming a second clock with leading or trailing edge points which 
lead the leading or trailing edge points of the first clock by a predefined timing difference 5t, and a third clock with 

20 leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the same timing 
difference 6t; obtaining decision errors from the sampled signals obtained using these second and third clocks to sample 
the baseband signal separately from the main signal lines; calculating the amount of phase shift to be applied to the 
first clock on the basis of the result of comparing the decision error obtained from the sampled signal at the leading 
edge or trailing edge point of the second clock, with the decision error obtained from the sampled signal at the leading 

35 edge or trailing edge point of the third clock; and shifting the phase of the system clock on the basis of this calculated 
amount of phase shift 

According to a seventh aspect of the present invention, there is provided a clock timing recovery method for re- 
covering, from a signal for clock timing recovery contained in the baseband signal obtained by detection of the received 
signal, the clock timing required for decoding this baseband signal, said method comprising: forming, from a first clock 

40 obtained by phase shifting a system clock which repeats with a fixed period, a second clock with leading or trailing 
edge points which lead the leading or trailing edge points of the first clock by a predefined timing difference 5t, and a 
third clock with leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by 
the same timing difference 6t, these second and third clocks serving as sampling clocks for the main signal lines; using 
these sampling clocks to sample the signal for clock timing recovery; comparing, in respect of the sampled signals 

45 obtained by this sampling, the amplitude of the sampled signal at the leading edge point or trailing edge point of the 
second clock with the amplitude of the sampled signal at the leading edge point or trailing edge point of the third clock; 
calculating the amount of phase shift to be applied to the first clock on the basis of the result of this comparison; and' 
recovering the clock timing by shifting the phase of the system clock on the basis of this amount of phase shift. 

According to an eighth aspect of the present invention, there is provided a clock timing recovery method for re- 

50 covering, from a signal for clock timing recovery contained in the baseband signal obtained by detection of the received 
signal, the clocktiming required for decoding this baseband signal, said method comprising: outputting, as the sampling 
clock for the main signal lines, a first clock obtained by phase shifting a system clock which repeats with a fixed period, 
and forming a second clock with leading or trailing edge points which lead the leading or trailing edge points of the first 
clock by a predefined timing difference 5t, and a third clock with leading or trailing edge points which lag behind the 

55 leading or trailing edge points of the first clock by the same timing difference 6t; using these second and third clocks 
to sample the signal for clock timing recovery in separate lines from the main signal lines; comparing, in respect of the 
sampled signals obtained by this sampling, the amplitude of the sampled signal at a leading edge point or a trailing 
edge point of the second clock with the amplitude of the sampled signal at the leading edge point or trailing edge point 
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of the third clock; calculating the amount of phase shift to be applied to the first clock on the basis of the results of this 
comparison; and recovering the clock timing by shifting the phase of the system clock on the basis of this amount of 
phase shift. 

In the fifth to the eighth aspects, the baseband signal can be sampled by means of a clock obtained by alternately 
selecting the second clock and the third clock, or by sampling the baseband signal separately using the second clock 
and the third clock, when separate sampling is performed, the signal in the in-phase channel can be sampled using 
one clock and the signal in the quadrature channel can be sampled using the other clock. 

In the seventh and eighth aspects, the timing of the first clock can be shifted by a half period when it has been 
detected from the signal for clock timing recovery that the timing of the system clock and the clock timing of the rece ived 
signal deviate by a half period. 

Brief Explanation of the Drawings 

FIG. 1 is a block diagram showing a prior art example of the configuration of a demodulator provided with a tank- 
limiter clock recovery circuit using IF signal operation. 

FIG.2 is a block diagram showing a prior art example of the configuration of a demodulator provided with a BQDPL 
clock recovery circuit. 

FIG. 3 is a flowchart showing the operation of the BQDPL clock recovery circuit illustrated in FIG.2. 

FIG.4 is a block diagram showing a first embodiment of the present invention. 

FIG.5 shows the flow of the control of amount of phase shift in the first embodiment. 

FIG.6(a)-(f) serve to explain the operation of the clock timing recovery circuit of the first embodiment 

FIG. 7 shows an example of the detailed configuration of a phase estimation circuit. 

FIG.8(a)-(f) serve to explain an example of the operation of the clock timing recovery circuit. 

FIG. 9 shows an example of the configuration of a phase shift circuit. 

FIG.10(a)-(g) serve to explain another example of the operation of the clock timing recovery circuit. 
FIG. 11 is a block diagram showing a second embodiment of the present invention. 

FIG. 12 shows the decision error as a function of sampling timing in the baseband signal processing circuit. 
FIG.13(a)-(g) show the various signal waveforms. 
FIG. 14 serves to explain the operating principles. 

F1G.15 is a block diagram showing a third embodiment of the present invention. 
FIG. 16 shows the operating flow of the third embodiment. 

FIG. 17 shows an example of a specific configuration of a sampling clock generator. 

FIG. 18 shows an example of the configuration of a phase control circuit, 

FIG. 19 shows another example of the configuration of a sampling clock generator. 

FIG. 20 shows the sampling clock which is output by the sampling clock generator illustrated in FIG. 19. 

FIG. 21 is a block diagram showing a fourth embodiment of the present invention. 

FIG. 22 is a block diagram showing a fifth embodiment of the present inventbn. 

FIG. 23 shows an example of the configuration of a phase control circuit. 

FIG.24 is a block diagram showing a sixth embodiment of the present invention. 

FIG.25 shows an example of the configuration of a phase control circuit. 

FIG.26 is a block diagram showing a seventh embodiment of the present invention. 

F1G.27 is a block diagram showing an eighth embodiment of the present invention. 

FIG.28 is a block diagram showing a ninth embodiment of the present invention. 

FIG. 29 shows the operation flow of the ninth embodiment. 

FIG.30(a)-(j) show the timing of the various signals. 

FIG. 31 shows the relation between the sampling timing and the square of the sampled signal. 

FIG- 32 serves to explain operation in the pseudostable state. . 

FIG. 33 is a block dag ram showing a tenth embodiment of the present invention. 

FIG. 34 shows an example of the configuration of the phase control circuit in the tenth embodiment. 

FIG. 35 is a block diagram showing an eleventh embodiment of the^p/esent invention. 

FIG.36 shows an example of the configuratbn of the phase control circuit in the eleventh embodiment. 

FIG. 37 is a block diagram showing a twelfth embodiment of the present invention. 

FIG. 38 is a block diagram showing a thirteenth embodiment of the present invention. 

FIG.39 is a block diagram showing an example in which a circuit for coping with the pseudostable state has been 
provided in the clock timing recovery circuit of the tenth embodiment. 
FIG.40 is a block diagram showing an example of a kick-off circuit. 
FIG. 41 is a block diagram showing another example of a kick-off circuit. 
FIG.42(a)-(h) show the timing of the various signals in the pseudostable state. 
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Embodiments of the Invention 

FIG.4 is a block diagram showing a first embodiment of the present invention, and shows the configuration of a 
demodulator equipped with a clock timing recovery circuit. This particular embodiment rapidly recovers the clock timing 
s using only a signal for clock timing recovery that has been added to the burst signal frame. 

This demodulator comprises quadrature detector 1 to which the IF signal is input, oscillator 41 which generates a 
carrier signal which is not synchronized with the IF signal and supplies this to quadrature detector 1 , analogue-to-digital 
converters 2 and 3 which convert the in-phase and quadrature outputs of quadrature detector 1 to digital signals, 
baseband signal processing circuit 4 which processes the digital signals output by analogue-to-digital converters 2 

10 and 3, and clock timing recovery circuit 5 which recovers, from the clock timing recovery signal, the clock timing for 
demodulating the received signal. 

Clock timing recovery circuit 5 comprises system clock generator 6 for generating a system clock that repeats with 
a fixed period, phase shift circuit 7 which outputs a first clock, phase shifted with respect to the system clock, as the 
clock timing for sampling the baseband signal obtained by detection of the received signal, and control circuit 8 for 

15 controlling the amount of phase shift of phase shift circuit 7. 

Control circuit 8 comprises counter 9, phase estimation circuit 10, and switch 11 which selects one of the output 
of counter 9 and the output of phase estimation circuit 10. Counter 9 outputs a phase control signal synchronised with 
the system clock, and causes there to be output from phase shift circuit 7, as a sampling clock for sampling the clock 
timing recovery signal, a clock whereof the phase of its n-th leading edge point or trailing edge point (n = 1, 2, 3, ...) 

20 from the origin, where one leading edge point or trailing edge point of the system clock is taken as the origin, is shifted 
by nXAt relative to the phase of the system clock (where At is a predefined amount of phase shift). Phase estimation 
circuit 10 estimates, from the sampled signal obtained by sampling the clock timing recovery signal, i.e., from the 
sampled signal from baseband signal processing circuit 4, the phase difference between the phase of the system clock 
and the clock timing at which the bit error rate is minimum, and on the basis of this estimated phase difference causes 

25 there to be output from phase shift circuit 7 the clock timing for sampling the baseband signal that follows the clock 
timing recovery signal. Switch 11 selects the output of counter 9 with the timing of the clock timing recovery signal, and 
at other times selects the output of phase estimation circuit 10, and supplies these outputs to phase shift circuit 7. The 
flow of the control of amount of phase shift by control circuit 8 is shown in FIG.5. 

FIG.6(a)-(f). which serve to explain the operation of the clock timing recovery circuit of the first embodiment, shows 

30 the following; FlG.6(a) format of the burst signal input to quadrature detector 1 as the intermediate frequency signal; 
FIG.6(b) baseband signal output from quadrature detector 1; FlG.6(c) desired clock timing; FIG.6(d) system clock 
output by system clock generator 6; FIG.6{e) sampling clock output from phase shift circuit 7; FIG.6(f ) sampled signal 
supplied to clock timing recovery circuit 5 from baseband signal processing circuit 4. 

A code for efficiently recovering the clock timing is generally added to the front of a burst signal. For example, in 

35 the case of QPSK modulation, a bit pattern comprising repetitions of "1100" or "1001" is added. The clock timing 
recovery signal (BTR) obtained after limiting the bandwidth of this code is the sine wave of period 2T shown in FIGB 
(b), where T is the symbol period. This signal is sampled by analogue-to-digital converters 2 and 3. The sampling clock 
used (see FIG. 6(e)) is the clock obtained as a result of phase shift circuit 7 having caused the period of the system' 
clock (see FIG. 6(d)) generated by system clock generator 6, said system clock having the same clock speed as the 

40 symbol rate, to change by a fixed amount At at each sample. The sampled signal obtained by sampling (see FIG. 6(f)) 
is input to phase estimation circuit 10. Phase estimation circuit 10 estimates, on the basis of this sampled signal, the 
phase difference between the system clock and the timing at which the clock timing recovery signal exhibits an extreme 
value, i.e., the mid-point of a symbol. The estimation result is output to phase shift circuit 7 which shifts the phase of 
the system clock by the estimated phase difference, thereby establishing the phase of the sampling clock (see FIG.6(c)). 

45 After the phase of the sampling clock has been established, the sampling clock is held constant until the end of 

the burst signal by keeping the amount of phase shift of phase shift circuit 7 constant. Alternatively the phase of the 
sampling clock is finely adjusted by making minute changes to the amount of phase shift under control of phase esti- 
mation circuit 10. 

Thus, according to this embodiment, the phase of the sampling clock can be aligned with the mid-point of the 
50 symbols by processing at about the symbol rate. This is the alignment at which the eye pattern opening is largest, and 
results in the clock timing at which the bit error rate is minimum. In other words, the clock timing at which the bit error 
rate is minimum can be recovered. 

FIG.7 is a block diagram showing an example of the detailed configuration of phase estimation circuit 10. This 
phase estimation circuit 10 comprises multipliers 12 and 13 which respectively square the sampled signals in the in- 
55 phase and quadrature channels (hereinafter expressed as "l-ch" and "Q-ch"), adder 14 which adds the outputs of these, 
counter 15 which counts the number of samples by obsen/ing when the digital data representing a sampled signal 
changes, a plurality of delay circuits 16 which successively delay the output of adder 14 by delay time r(=T+At), and 
ROM 17 in which an estimate of the phase difference between the system clock and the clock timing at which the bit 
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error rate is minimum has been stored in advance. 

In FIG.8(a)-(f), which serves to explain an example of the operation of this phase estimation circuit 1 0. the following 
waveforms are shown: FIG.8(a) baseband signal, FIG.8(b) output of adder 1 4. FIG.8(c) system clock, FIG.8(d) sampling 
clock, FIG.8(e) square of sampled signal, FIG.8(f) sampling clock after the phase has been established. 

Phase estimation circuit 10 shown in F1G.7 uses multipliers 12 and 13 and adder 14 to calculate (l-ch)2+(Q-ch)2 
so as to eliminate carrier phase error induced amplitude fluctuations of the sampled signal. An alternative configuration 
is to perform this calculation by analogue means prior to sampling and to sample the resulting signal by means of 
analogue-to-digital converters separate from the main signal lines. 

The sampled signal obtained is successively delayed by T'(=T+At) by a plurality of delay circuits 16 (where T' is 
the sampling clock period) and input to ROM 17. Counter 15 observes the data changes of the sampled signal and 
thereby counts the number of samplings, which it Inputs to ROM 17. 

ROM 17 estimates, from the number of samplings and a plurality of sampled signals, the phase difference between 
the system clock and the clock timing at which the bit error rate becomes minimum, and outputs this as a phase 
difference estimation result. By way of example, the estimation of phase difference can be performed as follows. 

By phase shifting the system clock by At at every sampling, a sampling clock giving a sampling interval which has 
been changed by a fixed quantity can be obtained. If the result of the calculation of (l-ch)2+(0-ch) is sampled with the 
sampling clock thereby obtained, the n-th sampled signal works out as: 

Y„=A^{1+cos(co^n At -({))} (1) 

where, A is the amplitude, is the angular frequency of the system clock. At is the amount of phase shift, and (j) is 
the phase difference between the system clock and the clock timing at which the bit error rate is smallest. <t> can be 
expressed as follows: 

^ Y,.., F(n) -H Y„^, F(n-1) . 2Y^cos(Q)^n At) 
2Y„cosKAt)-(Y„.,H.Y„^.,) 

sin{(D (n+1)At} - sin(co.nAt) 
= (2) 

The value of 0 obtained from Equation 2 is stored in ROM 17. Equation 2 is merely one example, and alternatively the 
sin-1 or tan'"" function can be utilised. The phase difference <\> can be estimated from Equation 2 using the three lowest 
sampled signals. The clock timing can therefore be recovered in a short space of tirne. 

In the foregoing example, a ROM was used to estimate phase difference ()), but it is also possible to perform a 
similar calculation with a combination of multipliers and adders. Another possibility would be to use a microprocessor 
or digital signal processor and perform the calculation using software. 

The operation of the circuits shown In FIG.4 and FIG.7 will now be explained again in terms of the notation used 
in the above equations. Counter 9 outputs a phase control signal 9 = ncD^^t (n = 0, 1. 2, ...) synchronised with the 
system clock. Switch 11 outputs the phase control signal from counter 9 to phase shift circuit 7 until it obtains the value 
of phase difference from ROM 17 in phase estimation circuit 10. When the value of the phase difference <^ has been 
obtained from ROM 17, 6 is set to -(f and is output to phase shift circuit 7. Phase shift circuit 7 shifts the phase of the 
system clock output from system clock generator 6 by 9. the value of the phase control signal, and outputs a sampling 
clock which has established the phase. As a result, the clock timing at which the bit error rate is minimum can be 
recovered. 

FIG-9 shows an example of the configuration of phase shift circuit 7. This phase shift circuit 7 comprises ROMs 
21 and 22. digital-to-analogue converters 23 and 24, hybrids 25 and 28, and analogue multipliers 26 and 27. Phase 
control signal 0 and the system clock are input to this phase shift circurt-7. ROMs 21 and 22 respectively output the 
values of cosG and sine for input phase control signal 0. Digital-to-analogue converters 23 and 24 respectively convert 
these values to analogue signals and output these to analogue multipliers 26 and 27. Hybrid 25 splits the input system 
clock into two clocks with a 90** phase difference between them, and outputs these to analogue multipliers 26 and 27. 
Analogue multipliers 26 and 27 multiply the two clocks split by hybrid 25 by the values of cose and sine respectively, 
and hybrid 28 adds the results of these multiplications. The result of this processing is that a sampling clock phase- 
shifted from the system clock by e is obtained. 

In the example configuration shown in FIG.9, the phase shift circuit comprised analogue circuits, but it is also 
possible for it to comprise digital circuits entirely. This can be achieved by using a clock generator to generate a clock 
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at M times the system cicsck (where M is determined by the step width of the phase shift) and a variable-length register 
to give a variable amount of shift. 

In the foregoing explanation, the (l-ch)2+(Q-ch)2 fomn of the sampled signal was represented by Equation 1. On 
the other hand, when coherent detection is employed for the demodulation, because the influence of carrier phase 
error can be virtually ignored, the (l-ch)2 or (Q-ch)2 form of the sampled signal can be represented by Equation 1 . It is 
also possible to estimate phase difference cj) by expressing the l-ch or Q-ch form of the sampled signal as: 



= A cos(o)^ n At/2 - (())} 



(3) 
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If a clock recovery code is transmitted from the transmitting side as a binary signal, it will also be possible to utilise 
the clock timing recovery circuit of the embodiment described above for a multilevel modulation scheme. 

Furthermore, if the modulation scheme is jt/4 shift QPSK, because the carrier phase plane rotates in a fixed direction 
by n/4 at every symbol, baseband signal processing circuit 4 corrects the carrier phase plane by -7t/4 at every symbol. 
This correction can also be performed on an analogue basis prior to analogue-to-dlgital converters 2 and 3. 

In the foregoing explanation of the first embodiment, it was assumed that the demodulator employs coherent 
detection, quasi-coherent detection or baseband delay detection schemes, and that the clock timing recovery circuit 
is capable of supporting these schemes. However, the clock timing recovery circu it described above can also be utilised 
in similar manner in a demodulator that uses an IF delay detection scheme. 

FiG.10(a)-(g) serve to explain another example of the operation of clock timing recovery circuit 5. and shows an 
example in which the sampled signal is approximated not by a trigonometric function but by an Nth order polynomial. 
The following waveforms are shown: FiG.IO(a) baseband signal, FIG. 10(b) (l-ch)2+(Q.ch)2, FIG.IO(c) system clock, 
FIG.IO(d) sampling clock, FIG. 10(e) sampled signal, FIG. 10(f) sampling clock after the phase has been established, 
FIG. 10(g) sampling clock with phase inverted. 

In this case. N+1 sampled signals obtained in the same manner as explained with reference to FIG.8(a)-(f) are 
approximated by an Nth order polynomial. Namely: 



y(t) = ao+a^ t + ... + af^ t^ 



(4) 
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The values of a^ in this equation (n = 1 . 2 N) are found. To do this, if simultaneous equations with N+1 unknowns 

are solved, the following equation is obtained: 



r 1 0 
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■(5) 



Next, to obtain the extreme values of Equation 4. t is found after differentiating Equation 4, which gives: 



so 



55 



dy/dt = a^ + 2 agt + ... + n a,^ t 



N-1 



(6) 



In addition, when nAt = t, if the value of the nth sampled signal y(nAt) approaches a maximum value of the sampled 
signal, then because t is a maximum point, the phase shift circuit is controlled by the clock timing estimation circuit so 
that sampling takes place with timing t. Conversely, if y(nAt) approaches a minimum value, then because t is a minimum 
point, the phase shift circuit is controlled by the clock timing estimation circuit so that after the sampling clock has been 
established with timing t, the phase of this timing is inverted. This gives the clock timing at which the bit error rate is 
minimum. 

According to the embodiment explained above, it is unnecessary to oversample as in a conventional clock recovery 
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circuit using a binary quantised digital phase-locked loop, and because processing can be performed using a sampling 
clock of the same order as the symbol rate, the circuit can easily cope with high transmission rates. Moreover, the 
phase of the sampling clock can be aligned with the mid-point of the symbols in as few as 3 samplings, i.e., in no more 
than 4 symbols. This symbol mid-point is the point at which the eye opening is largest and the bit error rate is smallest. 
It is therefore possible to recover the clock timing giving minimum bit error rate (i.e., the optimum clock timing) in a 
short space of time. 

The foregoing explanation concerned rapid recovery of clock timing from a clock timing recovery signal. An expla- 
nation will now be given of an embodiment which performs clock timing recovery by tracking frequency fluctuations 
that occur after clock timing has already been recovered in the manner of the first embodiment, or which performs 
clock timing recovery for continuous digital data. 

FIG. 11 is a block diagram of a second embodiment of the present invention, and shows an example of the con- 
figuration of a demodulator which is equipped with a clock timing recovery circuit. 

This demodulator comprises quadrature detector 1 , oscillator 41 , analogue-to-digital converters 2 and 3, baseband 
signal processing circuit 4, and clock timing recovery circuit 5a. An t F signal is input to quadrature modulator 1 . Oscillator 
41 generates a carrier signal which is not synchronized with the IF signal and supplies this to quadrature detector 1. 
Analogue-to-digital converters 2 and 3 sample the outputs of quadrature detector 1 with the timing of the sampling 
clock supplied from clock timing recovery circuit 5a, and convert the outputs to digital signals. Baseband signal process- 
ing circuit 4 processes the sampled signals output by analogue-to-digital converters 2 and 3, outputs decoded signals, 
and also outputs the decision error (i.e., a decision error signal) obtained from these sampled signals to clock timing 
recovery circuit 5a. 

Clock timing recovery circuit 5a comprises system clock generator 6, phase shift circuit 7, sampling clock generator 
31 and phase control circuit 32. System clock generator 6 generates a system clock with a predefined fixed period. 
Phase shift circuit 7 outputs, as the clock timing for sampling the baseband signal in the demodulator, corrected clock 
to which corrects the phase of the system clock output by system clock generator 6. Sampling clock generator 31 
generates a clock which alternately has a leading or trailing edge point which leads the leading or trailing edge point 
of corrected clock Xq by a predefined timing difference 5t, and a leading or trailing edge point which lags behind the 
leading edge or trailing edge point of corrected clock t© by the same timing difference 5t. Sampling clock generator 31 
outputs this clock as the sampling clock for the main signal lines. Phase control circuit 32 compares, on the basis of 
decision error signals from baseband signal processing circuit 4, the decision error obtained from the sampled signal 
at the leading or trailing edge point which leads by 5t, with the decision error obtained from the sampled signal at the 
leading or trailing edge point which lags by 6t, and on the basis of this comparison result, calculates the amount of 
phase shift of phase shift circuit 7. By controlling the amount of phase shift of phase shift circuit 7 on the basis of this 
calculation result, a leading edge or trailing edge of corrected clock to can be brought into alignment with the optimum 
clock timing. 

FIG. 1 2 shows the decision error in baseband signal processing circuit 4 as a function of sampling timing. Sampling 
at timings that deviate from the optimum timing (the timing at which the decision error Is minimum) results in the absolute 
value or the square of the decision error tracing a convex curve with a downwards-pointing apex. FIG. 12 shows the 
results obtained by computer simulation of the root-mean -square (RMS) value of the decision error as a function of 
sampling timing under various fixed carrier-to-noise power ratios (C/N). In this simulation, the modulation and demod- 
ulation schemes were taken to be QPSK and differencial detection, respectively, and the transmission system was 
assumed to be a Nyquist system with a roll-off factor of 0.6. It will be seen from FIG.12 that the decision error, and 
thereby the bit error rate as well, becomes minimum at the timing at which the derivatives of the curves traced by the 
decision error become zero. 

FIG.13(a)-(i) show the signals at various parts of the circuit, as follows: FIG,13(a) intermediate frequency signal 
input to quadrature detector 1, showing the configuration of a burst signal frame; FIG. 13(b) baseband signal (eye 
pattem) output from quadrature detector 1; FIG. 13(c) desired clock timing; FIG. 13(d) system clock output by system 
clock generator 6; FIG. 1 3(e) clock which leads corrected clock to output by phase shift circuit 7 by timing difference 
5t; FIG. 1 3(f) corrected clock to output by phase shift circuit 7; FIG. 1 3(g) clock t^ which lags corrected clock to by timing 
difference 8t; FIG. 13(h) sampling clock output by sampling clock generator 31; FlG.13(i) sampled signal output by 
analogue-to-digital converters 2 and 3. 

As shown in FIG.13(a)-(i), phase shift circuit 7 forms corrected clock t©, which is obtained by shifting the phase of 
system clock t. The amount of phase shift from t to to is x. Note, however, that t=0 when this clock timing recovery 
circuit 5a is in its initial state, and that when the clock timing is established, t constitutes the time difference between 
system clock t and the clock timing at which the bit error rate becomes minimum. On the basis of corrected clock tg, 
sampling clock generator 31 forms two clocks t^ and t^ with a phase difference of 25t and uses these two clocks to 
generate the sampling clock shown in FIG. 13(h). This sampling clock is supplied to analog ue-to-dlgital converters 2 
and 3 where it is used to sample the baseband signal. Phase control circuit 32 obtains, on the basis of the decision 
error signal e obtained from baseband signal processing circuit 4, the absolute values or the squares of the decision 
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errors and obtained using the timings of clocks t^ and t^ respectively. Phase control circuit 32 also obtains sampling 
timing correction +a or -a or 0 on the basis of 63, e^ and difference 5e. a (coO) is the correction width, and can either 
be set to a constant value or can be changed adaptively according to difference 8e. Phase control circuit 32 updates 
the sampling timing as follows: 
5e > 0 : replace to with to + a 
5e < 0 : replace to with to - a 
5e = 0 : leave to unchanged. 

FIG. 14 serves to explain the operating principles and shows the relation between sampling timing and decision 
error. The sampling timing is repeatedly updated in phase shift circuit 7 on the basts of the above updating equations, 
and when 6g has become zero, the derivative of the curve shown in FIG. 14 becomes zero and the mid-point to between 
t and t coincides with the timing at which the decision error becomes minimum, or in other words with the clock timing 
at which the bit error rate becomes minimum. 

Clock timing recovery circuit 5a in this second embodiment can cause the sampling timing to coincide with the 
clock timing at which the bit error rate becomes minimum, at a processing speed of the order of the symbol rate. 
Accordingly, because oversampling is not necessary, this clock timing recovery circuit can easily cope with high symbol 
rates and can also achieve reductions in power consumption. Furthermore, because the system clock is incorporated 
in the clock timing recovery circuit, the clock is not lost even if the IF signal level drops. In addition, because almost 
the entire constitution of the clock timing recovery circuit can be implemented with digital circuits, there is little clock 
jitter, and once the parameters 5t and a have been set so that only a short time is required to establish the clock timing, 
it is unnecessary to make subsequent adjustments to these parameters, A non-adjusting circuit is therefore possible. 

FIG. 15 is a block diagram of a third embodiment of the present invention, and shows the configuration of a clock 
timing recovery circuit and of a demodulator in which this is provided. This embodiment implements the present inven- 
tion in the clock timing recovery circuit of a demodulator which uses a phase modulation scheme such as QPSK or n/ 
4 shift QPSK for the modulation and a quasi-coherent detection scheme such as baseband differencial detection for 
the demodulation. 

The demodulator comprises quadrature detector 1 . oscillator 41 , analogue-to-digital converters 2 and 3, baseband 
signal processing circuit 4a and clock timing recovery circuit 5b. The I F signal is input to quadrature detector 1 . Oscillator 

41 generates a carrier signal which is not synchronised with the IF signal and supplies this to quadrature modulator 1 . 
Analogue-to-digital converters 2 and 3 respectively sample the in-phase and quadrature channel outputs from quad- 
rature modulator 1 and convert these to digital signals. Baseband signal processing circuit 4a processes the sampled 
signals in the in-phase and quadrature channels output by analogue-to-digital converters 2 and 3, and thereby obtains 
a decoded signal for each channel. Clock timing recovery circuit 5b generates, from the phase component 9 of the 
sampled signals, a sampling clock which it supplies to the analogue-to-digital converters. 

Baseband signal processing circuit 4a comprises coordinate transform circuit 42, delay circuit 43 and decision 
circuit 44. Coordinate transform circuit 42 obtains the phase component by transfonrhing the orthogonal coordinate 
representation of the sampled in-phase and quadrature signals to a polar coordinate representation. Delay circuit 43 
causes the output of this coordinate transform circuit 42 to be delayed by one symbol period T Decision circuit 44 
obtains the decoded signal for each channel from the output of coordinate transform circuit 42 and the output of delay 
circuit 43 : in other words, from the phase components of the two sampled signals which deviate by one symbol period. 

Clock timing recovery circuit 5b comprises system clock generators, phase shift circuit?, sampling clock generator 
31 and phase control circuit 32a. The phase component of the sampled signal obtained by coordinate transform circuit 

42 in baseband signal processing circuit 4a is input to phase control circuit 32a, which controls the amount of phase 
shift of phase shift circuit 7 on the basis of this phase component. The operation of system clock generator 6 and phase 
shift circuit 7 is the same as in the first embodiment illustrated in FIG.4 and as in the second embodiment illustrated 
in FIG. 11 , and the operation of sampling clock generator 31 is the same as in the second embodiment. 

The operating flow of the clock timing recovery in this third embodiment is shown in FIG. 16. This operating flow 
shows not only the operation of clock timing recovery circuit 5b but also the related operations of analogue-to-digital 
converters 2 and 3 and of coordinate transform circuit 42. 

FIG.1 7 shows an example of a specific configuration of sampling clock generator 31 . This sampling clock generator 
31 comprises phase lead circuit 51 , phase delay circuit 52, and switch 53. Phase lead circuit 51 causes the timing of 
corrected clock \q to lead by 6t. Phase delay circuit 52 causes the timing of corrected clock t to lag by 6t. Switch 53 
switches alternately between the outputs of these circuits in synchronisation with corrected clock to- 

FIG. 18 shows an example of a specific configuration of phase control circuit 32a. This circuit comprises delay 
circuit 61, adder 62, decision circuit 63, adder 64, absolute value circuit 65, switch 66, latches 67 and 68, adder 69, 
sign detector 70, up/down counter 7 1 , multiplier 72, and accumulator 73. The phase component 0 of the sampled signal 
is supplied from coordinate transform circuit 42 in baseband signal processing circuit 4a to this phase control circuit 
32a. Delay circuit 61 causes this signal to be delayed by two symbol periods 2T, and adder 62 obtains the difference 
between the phase component 0 of the sampled signal and the output of delay circuit 61 . Decision circuit 63 decides 
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the output of adder 62, and adder 64 calculates the difference between the output of adder 62 and the output of decision 
circuit 63, i.e., the decision error Absolute value circuit 65 calculates the absolute value of the output of adder 64. 
Switch 66 distributes the output of absolute value circuit 65 to the two latches 67 and 68 in each symbol period. Latches 
67 and 68 store the output of switch 66 for two symbol periods. Adder 69 obtains the difference 5e between the outputs 
of the two latches 67 and 68 once every two symbols. Sign detector 70 obtains the sign of the output of adder 69. Up/ 
down counter 71 counts the output of sign detector 70 and outputs a +1 or a -1 when its value has exceeded a fixed 
amount. Multiplier 72 multiplies the output of up/down counter 71 by the correction width a (a>0) and outputs the result 
as an amount of correction. Accumulator 73 accumulates these corrections and outputs them to phase shift circuit 7. 
In this example, the difference 5e between the outputs of the two latches 67 and 68 can be expressed as follows: 

«e = |Err[e2„„-e2„.,|-|Err[e2„-e2„.2| (4) 

where is the phase component of the 2n-th sampled signal and Err is a function expressing the decision error 

A squaring circuit can be used instead of absolute value circuit 65. An alternative configuration would be to use 
an accumulator instead of sign detector 70 and up/down counter 71 , and to cause the amount of correction to change 
adaptive ly in accordance with the amount of error. 

FIG. 1 9 shows another example of the configuration of sampling clock generator 31 . This sampling clock generator 
31 comprises frequency divider 81 , inverter 82, phase lead circuit 83, phase delay circuit 84, inverters 85 and 86, delay 
circuits 87 and 86. AND circuits 89 and 90, and OR circuit 91 . Frequency divider 81 halves the frequency of corrected 
clock tQ. Inverter 82 inverts the clock that is output by frequency divider 81 . Phase lead circuit 83 causes the timing of 
the clock output by inverter 82 to lead by 5t, while phase delay circuit 84 causes the timing of the clock output by 
frequency divider 81 to lag by St. Inverters 85 and 86 respectively invert the clocks output by phase lead circuit 83 and 
phase delay circuit 84. Delay circuits 87 and SB respectively delay the outputs of inverters 85 and 86 by a very small 
time tg. AND circuit 89 obtains the logical product of the clock that is output by phase lead circuit 83 and the clock 
obtained by inverting this clock and then delaying it by tg (i.e., the output of delay circuit 87). AND circuit 90 obtains 
the logical product of the clock that is output by phase delay circuit 84 and the clock obtained by inverting this clock 
and then delaying it by tq (i.e., the output of delay circuit 88). OR circuit 91 obtains the logical sum of the clocks output 
by AND circuit 89 and 90. 

FIG.20 shows the sampling clock that is output by the sampling clock generator shown in FIG. 19. With the con- 
figuration shown in FIG.1 9, the duty ratio of the sampling clock output by the sampling clock generator does not reach 
50%. However, analogue-to-digital converters capable of supporting such a clock are already commercially available, 
and provided that tg is made longer than the hold time required by the analogue-to-digital converter, these will certainly 
be useable. 

FIG. 21 is a block diagram of a fourth embodiment of the present invention and shows the configuration of a clock 
timing recovery circuit and of a demodulator in which this is provided. This embodiment implements the present inven- 
tion in a clock timing recovery circuit of a demodulator which uses 2^" QAM (n = 1 . 2, ...) modulation as the modulation 
scheme and coherent detection for the demodulation scheme. The demodulator comprises quadrature detector 1, 
carrier recovery circuit 101, analogue-to-digital converters 2 and 3, baseband signal processing circuit 4b and clock 
timing recovery circuit 5c. The IF signal is input to quadrature detector 1, which performs quadrature detection using 
the carrier signal supplied from carrier recovery circuit 101 . Carrier recovery circuit 101 generates the carrier synchro- 
nously with the IF signal. Analogue-to-digltal converters 2 and 3 respectively convert the outputs in the in-phase and 
quadrature channels of quadrature detector 1 to digital signals. Baseband signal processing circuit 4b performs data 
decision on the sampled signals in the iniDhase and quadrature channels output by analogue-to-digital converters 2 
and 3. and thereby obtains a decoded signal for each channel. Clock timing recovery circuit 5c generates, from a 
decision error signal obtained from baseband signal processing circuit 4b, the sampling clock to be supplied to ana- 
logue-to-digital converters 2 and 3. 

Baseband signal processing circuit 4b comprises two decision circuits 102 and 103, and adder 104. Decision 
circuits 102 and 103 perform data decision on the sampled signals in the in-phase and quadrature channels, thereby 
obtaining a decoded signal for each channel. Adder 104 calculates the.difference between the sampled signal in the 
in-phase channel and the decoded signal, and outputs this as a decision error signal. 

Clock timing recovery circuit 5c comprises system clock generator 6, phase shift circuit 7, sampling clock generator 
31, and phase control circuit 32b. The configuration and operation of system clock generator 6, phase shift circuit 7 
and sampling clock generator 31 are the same as in the embodiment described above. The circuit remaining after 
delay circuit 61, adder 62, decision circuit 63 and adder 64 have been removed from the circuit illustrated in FIG.18 
can be utilised as phase control circuit 32b. 

FIG. 22 is a block diagram of a fifth embodiment of the present invention, and shows the configuration of a clock 
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timing recovery circuit and of a demodulator in which this is provided. This embodiment implements the present inven- 
tion in the clock timing recovery circuit of a demodulator which employs 2^" QAM (n = 1, 2. ...) modulation as the 
modulation scheme and coherent detection for the demodulation scheme. 

The demodulator comprises quadrature detector 1, carrier recovery circuit 101, analogue-to-digital converters 2 
and 3, baseband signal processing circuit 4c and clock timing recovery circuit 5d. The IF signal is input to quadrature 
detector 1 which performs quadrature detection using the carrier signal supplied from carrier recovery circuit 101. 
Carrier recovery circuit 101 generates a carrier signal synchronised with the IF signal. Analogue-to-digital converters 
2 and 3 respectively convert the outputs in the in-phase and quadrature channels of quadrature detector 1 to digital 
signals. Baseband signal processing circuit 4c perfomns data decision on the sampled signals in the in-phase and 
quadrature channels that are output by analogue-to-digital converters 2 and 3, thereby obtaining a decoded signal for 
each channel. Clock timing recovery circuit 5d generates, from the decision error signals obtained from baseband 
signal processing circuit 4c for each channel, sampling clocks t^ and t^ for supply to analogue-to-digital converters. 2 
and 3. 

Baseband signal processing circuit 4c comprises two decision circuits 102 and 103, and likewise two adders 104 
and 105. Decision circuits 1 02 and 1 03 perform data decision on the sampled signals in the in-phase and quadrature 
channels, thereby obtaining a decoded signal for each channel. Adder 104 calculates the difference between the sam- 
pled signal and the decoded signal in the in-phase channel and outputs this as a decision error signal, while adder 
1 05 calculates the difference between the sampled signal and the decoded signal in the quadrature channel and outputs 
this as a decision error signal. 

Clock timing recovery circuit 5d comprises system clock generator 6, phase shift circuit 7, phase lead circuit 51, 
phase delay circuit 52, and phase control circuit 32c. 

In this fifth embodiment, rather than alternately selecting one of the two clocks tg and t^, the signals in the in-phase 
and quadrature channels are respectively sampled using these two clocks t^ and t^. For this reason, switch 53 of the 
sampling clock generator shown in FIG.17 is unnecessary, and the two clocks t^ and t^, are obtained, from corrected 
clock to output by phase shift circuit 7, by phase lead circuit 51 and phase delay circuit 52. 

FIG.23 shows an example of the configuration of phase control circuit 32c. This phase control circuit 32c comprises 
absolute value circuits 65a and 65b, adder 69, sign detector 70. up/down counter 71 , multiplier 72, and accumulator 
73. Absolute value circuit 65a calculates the absolute value of the decision error signal in the in-phase channel, while 
absolute value circuit 65b calculates the absolute value of the decision error signal in the quadrature channel. Adder 
69 calculates the difference between the outputs of the two absolute value circuits 65a and 65b. Sign detector 70 
obtains the sign of the output of adder 69. Up/down counter 71 counts the output of sign detector 70 and outputs a +1 
or a -1 when and only when this value exceeds a fixed quantity Multiplier 72 multiplies the output of up/down counter 
71 by the correction width a (a>0) and outputs the result as an amount of correction. Accumulator 73 accumulates 
these corrections and outputs them to phase shift circuit 7. 

In this example configuration as well, as in the example configuration shown in FIG.18. a squaring circuit can be 
used instead of absolute value circuits 65a and 65b. An alternative configuration that is possible is to use an accumulator 
instead of sign detector 70 and up/down counter 71, and to cause the amount of correction to change adaptively 
according to the amount of error. 

FIG.24 is a block diagram of a sixth embodiment of the present invention, and shows the configuration of a clock 
timing recovery circuit and of a demodulator in which this is provided. This embodiment differs from the third embodiment 
in that it provides analogue-to-digital converters 111 and 112 and coordinate transform circuit 113 in clock timing re- 
covery circuit 5e. separately from the main signal lines; and in that it supplies corrected clock to to analogue-to-digital 
converters 2 and 3 in the main signal lines. 

As in the third embodiment, clock timing recovery circuit 5e comprises system clock generator 6. phase shift circuit 
7. sampling clock generator 31 and phase control circuit 32a, but additionally comprises analogue-to-digital converters 
111 and 112 and coordinate transform circuit 113. The clock from sampling clock generator 31 is supplied to analogue- 
to-digital converters 111 and 112, and these respectively sample the signals in the in-phase and quadrature channels 
from quadrature detector 1 . Coordinate transform circuit 113 transforms the sampled signals in the in-phase and quad- 
rature channels from orthogonal to polar coordinates, thereby obtaining the phase component 0. Phase control circuit 
32a controls the amount of phase shift of phase shift circuit 7 on the ba^is of this phase component 0. 

Although this embodiment has a larger circuit scale than the second to the fifth embodiments, an improved bit 
error rate can be obtained because the influence of 5t can be excluded from the decoded signals. 

This embodiment has been explained on the assumption that QPSK modulation or n/4 shift QPSK modulation or 
some other phase modulation scheme has been used for the modulation, and that a quasi-coherent detection scheme 
such as baseband differencial detection is used for the demodulation. However, by using a carrier recovery circuit 
instead of oscillator 41. and by providing, in place of coordinate transform circuit 113. a circuit which performs data 
decision on the sampled signals to obtain the decision errors at those signal points, this embodiment can be imple- 
mented in similar manner when 2^" QAM (n = 1, 2, ...) modulation is used as the modulation scheme and coherent 
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detection is used for the demodulation. 

FIG.25 shows an example of the configuration of a phase control circuit used instead of coordinate transform circuit 
113 and phase control circuit 32a when the embodiment shown in FIG.24 is revised and 22" QAM (n = 1, 2, ...) mod- 
ulation is used as the modulation scheme, and coherent detection is used as the demodulation scheme. 

This phase control circuit comprises decision circuits 63a and 63b. adders 64a and 64b, absolute value circuits 
65a and 65b, adder 69, sign detector 70, up/down counter 71 , multiplier 72 and accumulator 73. Decision circuits 63a 
and 63b perform data decision on the sampled signals in the in-phase and quadrature channels respectively. Adders 
64a and 64b calculate, respectively, the difference between the sampled signal in the channel and the decision output 
of decision circuits 63a and 63b in respect of this sampled signal. In other words, adders 64a and 64b calculate the 
decision error. Absolute value circuits 65a and 65b respectively calculate the absolute values of the outputs of adders 
64a and 64b. Adder 69 calculates the difference 5e between the outputs of absolute value circuits 65a and 65b. Sign 
detector 70 obtains the sign of the output of adder 69. Up/down counter 71 counts the outputs of sign detector 70 and 
outputs a +1 or a -1 when, and only when, this value exceeds a fixed quantity. Multiplier 72 multiplies the output of up/ 
down counter 71 by the correction width a (a>0). and outputs this as the amount of correction. Accumulator 73 accu- 
mulates these corrections and outputs them to phase shift circuit 7. 

FIG.26 is a block diagram of a seventh embodiment of the present invention, and shows the configuration of a 
clock timing recovery circuit and of a demodulator in which this is provided. This embodiment implements the present 
invention in a clock timing recovery circuit of a demodulator which uses 22" QAM (n = 1, 2, ...) modulation as the 
modulation scheme and coherent detection as the demodulation scheme. This seventh embodiment is similar to the 
sixth embodiment in that it provides analogue-to-digital converters 1 1 1 and 1 1 2 separately from the main signal lines, 
and in that it supplies corrected clock to to analogue-to-digital converters 2 and 3 of the main signal lines. However, it 
differs significantly from the sixth embodiment in that it uses different clocks tg and t,, for sampling the in-phase and 
quadrature channels in clock timing recovery circuit 5f. 

Clock timing recovery circuit 5f comprises system clock generator 6, phase shift circuit 7, phase lead circuit 51, 
phase delay circuit 52, analogue-to-digital converters 111 and 112. and phase control circuit 32d. System clock gen- 
erator 6 generates the reference clock. Phase shift circuit 7 generates corrected clock to by correcting the system clock 
on the basis of the output of phase control circuit 32d, and outputs this corrected clock Iq to analogue-to-digital con- 
verters 2 and 3 as the sampling clock, and also outputs it to phase lead circuit 51 and phase delay circuit 52. Phase 
lead circuit 51 causes the phase of corrected clock to to advance by 6t. while phase delay circuit 52 causes it to lag by 
6t. Analogue-to-digital converter 111 samples the signal in the in-phase channel using clock t^ output by phase lead 
circuit 51, while analogue-to-digital converter 112 samples the signal in the quadrature channel using clock tj, output 
by phase delay circuit 52. Phase control circuit 32d obtains the amount of phase correction from the outputs of analogue- 
to-digital converters 111 and 112. and thereby controls the amount of phase shift of phase shift circuit 7. The phase 
control circuit shown in FIG.25 can be used as phase control circuit 32d. 

As regards the foregoing embodiments, in the first embodiment, when a burst signal is received, the clock timing 
can be recovered rapidly using only a clock timing recovery signal added to the signal frame. As opposed to this, in 
the second to the seventh embodiments, highly accurate clock timing recovery can be carried out for continuous signals 
and for the portion of a burst signal other than the clocktiming recovery signal portion, by trackingfrequency fluctuations. 
Accordingly, when a burst signal is received, it is preferable to recover the clock timing using a clock timing recovery 
signal in accordance with the first embodiment, and othenwise it is preferable to recover the clock timing in accordance 
with any of the second to the seventh embodiments. An embodiment of this sort will now be explained. 

FIG.27 is a block diagram of an eighth embodiment of the present invention, and shows the configuration of a 
clock timing recovery circuit and of a demodulator in which this is provided. This eighth embodiment combines the first 
and second embodiments, and its demodulator comprises quadrature detector 1, oscillator 41, analogue-to-digital 
converters 2 and 3, baseband signal processing circuit 4. and clock timing recovery circuit 5g, while clock timing re- 
covery circuit 5g comprises system clock generator 6, phase shift circuit 7. control circuit 8a, sampling clock generator 
31, and switch lib. Control circuit 8a comprises counter 9, phase estimation circuit 10. switch 11a and phase control 
circuit 32. 

The operation of all parts other than switches 1 1 a and 1 1 b is as explained in connection with the first embodiment 
or the second embodiment. Switch 11a selects the output of counter 9 with the timing of the clock timing recovery 
signal, when the clock timing recovery signal ends, switch 11a first of all selects the output of phase estimation circuit 
10 and then selects the output of phase control circuit 32. In each case it supplies the output to phase shift circuit 7. 
Switch lib selects, as the sampling clock for sampling the clock timing recovery signal, the clock which counter 9 
causes phase shift circuit 7 to output, and subsequently selects the output of sampling clock generator 31 as the 
sampling clock for sampling the baseband signal that follows the clock timing recovery signal. 

In other words, switch 1 la selects the output of counter 9 and switch 11b selects the output of phase shift circuit 
7 with the timing of the clock timing recovery signal. As a result, the clock that is output from clock timing recovery 
circuit 5g as the sampling clock has the phase of its n-th leading edge point or trailing edge point from the origin (n = 
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1. 2, 3, ...), where one leading edge point or trailing edge point of the systenn clock is taken as the origin, shitted by 
nXAt relative to the phase of the system clock (where At is a predefined amount of phase shift). Phase estimation 
circuit 10 then uses the sampled signal obtained on the basis of this sampling clock to estimate the phase difference 
between the phase of the system clock and the clock timing at which the bit error rate becomes minimum. 

Switch. 11a selects the output of phase estimation circuit 10 when this circuit has estimated the aforesaid phase 
difference on the basis of a prescribed number of sampled signals. As a result, the amount of phase shift of phase 
shift circuit 7 Is established on the basis of an estimated phase difference. 

when the clock timing recovery signal is finished, switch 11a selects the output of phase control circuit 32 and 
switch lib selects the output of sampling clock generator 31. As a result, there is output from clock timing recovery 
circuit 5g. as a sampling clock, a second clock with leading or trailing edge points which lead the leading or trailing 
edge points of the first clock that is output by phase shift circuit 7 by a predefined timing difference 5t, and a third clock 
with leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the same 
timing difference 6t. Phase control circuit 32 then corrects the amount of phase shift of phase shift circuit 7 on the basis 
of sampled signals obtained using these sampling clocks. 

The present embodiment is thus capable of rapid acquisition of optimum clock timing using a clock timing recovery 
signal, and also of tracking any frequency fluctuations of the signal that follows the clock timing recovery signal. Ac- 
cordingly, although the circuit scale is relatively large, this embodiment is very effective when rapid acquisition of a 
highly accurate clock is required. 

It is also possible to utilise modified versions of the second to the seventh embodiments to acquire optimum clock 
timing using a clock timing recovery signal. Such an embodiment will be explained below. 

FIG. 28 is a block diagram of a ninth embodiment of the present invention, and shows the configuration of a clock 
timing recovery circuit and of a demodulator in which this is provided. 

This demodulator comprises quadrature detector 1 , oscillator 41 . analogue-to-digital converters 2 and 3, baseband 
signal processing circuit 4. and clock timing recovery circuit 5h. Clock timing recovery circuit 5h comprises system 
clock generator 6, phase shift circuit 7. sampling clock generator 31 , phase control circuit 32e, and squaring circuit 121. 

In this embodiment, it is the sampled signal itself, rather than the decision error of the sampled signal, which is 
input to clock timing recovery circuit 5h. Squaring circuit 121 squares the sampled signal obtained by sampling on the 
basis of the sampling clock. Phase control circuit 32e compares the amplitude of the squared sampled signal obtained 
by sampling at leading edge or trailing edge points which lead the clock output by phase shift circuit 7 by 5t. with the 
amplitude at leading edge or trailing edge points which lag by 5t. and calculates the amount of phase shift of phase 
shift circuit 7 on the basts of the result of this comparison. 

FIG.29 to FIG. 31 serve to explain the operation of clock timing recovery circuit 5h. FIG.29 shows the operation 
flow. FlG.3O(a)-0) show the timing of the various signals, and FIG.31 shows the relation between the sampling timing 
and the square of the sampled signal. 

As shown in FIG.30(a), the IF signal which is input to the demodulator illustrated in F1G.28 has a burst frame 
configuration comprising a clock timing recovery signal (BTR), a frame synchronisation signal (UW), and data. FIG.30 
(b)-(j) show, in enlarged form, a portion of the clock timing recovery signal and of associated signals and clocks present 
at various locations in the demodulator. The sinusoidal baseband signal shown in FIG.30(b) is obtained when the clock 
timing recovery signal is detected and has its bandwidth limited. The desired clock timing which gives the smallest bit 
error rate for this baseband signal is the signal shown in FIG.30(c). Clock timing recovery circuit 5h utilises the fact 
that the baseband signal constitutes the sine wave shown in FIG.30(b), and recovers from this signal the desired clock 
timing shown in FIG. 30(c). 

To accomplish this, phase shift circuit 7 corrects system clock t shown in F!G.30(d) by t, thereby generating cor- 
rected clock to shown in FIG.30(f). Note, however, that t=0 when clock timing recovery circuit 5h is in its initial state, 
and that when clock timing has been established, t constitutes the time difference between system clock t shown in 
FIG. 30(d) and the clock timing. On the basts of corrected clock to, sampling clock generator 31 generates two clocks 
tg and tb with a phase difference of 25t, and further forms the sampling clock shown in FIG.30(h). for example, by 
switching between these two clocks at every symbol. Jhis sampling clock is then used to sample the baseband signal 
at analogue-to-digital converters 2 and 3. As a result, a sampled signal is obtained, and this is the digital signal shown 
in FIG.30(i). This sampled signal is squared by squaring circuit 121, givijng the signal shown in FIG.30(j). 

It will be seen that the timing giving the maximum sq uares in Fl G .30(j) has to be extracted to obtain the clock timing 
shown of FIG.30(b). In other words, as shown in FIG.31, the clock timing is the timing at which the square of the 
sampled signal is not zero and the derivative is zero. Utilising this, the amount of correction of the sampling timing is 
determined by phase control circuit 32e from the output of squaring circuit 121 . 

In other words, the squares and R^ of the sampled signal at the respective timings are obtained, and the amount 
of correction of the sampling timing (+a or -a or 0) is found on the basis of the difference 5R between R^ and R^. a 
(coO) is the correction width, and can either be set to a constant value or can be changed adaptively according to 
difference 6R. Phase shift circuit 7 updates the sampling timing as follows: 



15 



EP 0 821 503 A2 



5R < 0 : replace to with Iq + a 
6R > 0 : replace to with to - a 
5R = 0 : leave to unchanged. 

When 5R has become zero as a result of repetitions of this updating, the derivative of the curve shown in FIG-31 
becomes zero and mid-point to between t^ and t^ coincides with the clock timing at which the bit error rate becomes 
minimum. 

FIG.32 serves to explain the operation of the clock timing recovery circuit in its pseudostable state, when the timing 
of corrected clock to has coincided with +T/2, there arises a pseudostable state in which although the derivative be- 
comes zero, clock timing cannot be obtained. However, this pseudostable state arises only when clock timing recovery 
circuit 5h is in its initial state (t=0) or when the difference between system clock timing t and the clock timing of the 
received signal is exactly ±T/2. The probability of this state occurring Is therefore very small. A countermeasure against 
the pseudostable state would be to correct the corrected clock to by +T/2 if the squares R^ and R,^ of the sampled 
signal were less than a given threshold. 

F1G.33 is a block diagram of a tenth embodiment of the present invention, and shows the configuration of a clock 
timing recovery circuit and of a demodulator in which this is provided. This embodiment implements the present inven- 
tion In the clock timing recovery circuit of a demodulator which uses a phase modulation scheme such as QPSK or tU 
4 shift QPSK for the modulation and a, quasi-coherent detection scheme such as baseband differencial detection for 
the demodulation. 

The demodulator comprises quadrature detector 1 , oscillator 41 , analogue-to-digital converters 2 and 3, baseband 
signal processing circuit 4, and clock timing recovery circuit 5i. Clock timing recovery circuit 5i comprises system clock 
generator 6, phase shift circuit 7, sampling clock generator 31, squares adding circuit 122, and phase control circuit 
32e. Squares adding circuit 122 comprises two multipliers which square the respective signals in the in-phase and 
quadrature channels, and an adder which adds the outputs of these two multipliers, 

FIG.34 shows an example of a specific configuration of phase control circuit 32e. This circuit comprises switch 66, 
latches 67 and 68. adder 69, sign detector 70, up/down counter 71, multiplier 72 and accumulator 73. Switch 66 dis- 
tributes the square (R) of the Input sampled signal to the two latches 67 and 68 at every symbol. Latches 67 and 68 
store the output of switch 66 for a time interval length corresponding to two symbols. Once every two symbols, adder 
69 obtains the difference 6R between the outputs of the two latches 67 and 68. Sign detector 70 obtains the sign of 
the output of adder 69. Up/down counter 71 counts the output of sign detector 70 and outputs a +1 or a -1 when, and 
only when, this value exceeds a fixed quantity. Multiplier 72 multiplies the output of up/down counter 71 by the correction 
width a (coO) and outputs the result as the amount of correction. Accumulator 73 accumulates these corrections and 
outputs them to phase shift circuit 7. 

An accumulator can be used instead of sign detector 70 and up/down counter 71 , and the amount of correction 
can be changed adaptively in accordance with the difference 5R. 

FIG. 35 is a block diagram of an eleventh embodiment of the present invention, and shows the configuration of a 
clock timing recovery circuit and of a demodulator in which this is provided. This embodiment implements the present 
invention In a clock timing recovery circuit of a demodulator which uses 2^" QAM (n = 1, 2, ...) modulation as the 
modulation scheme and coherent detection as the demodulation scheme. Note that in this case it is assumed that a 
binary clock timing recovery signal Is inserted at the transmitting side in order for a sine wave to be obtained after the 
quadrature detection. 

The demodulator in this embodiment comprises quadrature detector 1, carrier recovery circuit 101, analogue-to- 
dlgital converters 2 and 3, baseband signal processing circuit 4, and clock timing recovery circuit 5j. Clock timing 
recovery circuit 5j comprises system clock generator 6, phase shift circuit 7, sampling clock generator 31a, squaring 
circuits 123 and 124, and phase control circuit 32f. Sampling clock generator 3 la comprises phase lead circuit 51 and 
phase delay circuit 52. 

FIG. 36 shows an example of a specific configuration of phase control circuit 32f used in this embodiment. This 
circuit comprises adder 69. sign detector 70, up/down counter 71 , multiplier 72 and accumulator 73. Adder 69 calculates 
the difference 6R of the squares of the sampled values in the in-phase and quadrature channels. Sign detector 70 
obtains the sign of the output of adder 69. Up/down counter 71 counts the output of sign detector 70 and outputs a +1 
or a -1 when, and only when, this value exceeds a fixed quantity Multiplier- 72 multiplies the output of up/down counter 
71 by a correction width a (a>0) and outputs the result as the amount of correction. Accumulator 73 accumulates these 
corrections and outputs them to phase shift circuit 7. 

FIG.37 is a block diagram of a twelfth embodiment of the present invention, and shows the configuration of a clock 
timing recovery circuit and of a demodulator in which this is provided. This embodiment differs from the tenth embod- 
iment in that it uses corrected clock to for the sampling in the main signal lines, and in that it performs, in the clock 
timing recovery circuit, a sampling which is separate from the main signal lines. 

The demodulator comprises quadrature detector 1 , oscillator 41 , analogue-to-digital converters 2 and 3, baseband 
signal processing circuit 4, and clock timing recovery circuit 5k. Clock timing recovery circuit 5k comprises, in similar 
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manner to the tenth embodiment, system clock generator 6, phase shift circuit 7, sampling clock generator 31 . squares 
adding circuit 122, and phase control circuit 32e. It additionally comprises analogue-to-digital converters 111 and 112. 
Corrected clock \q output by phase shift circuit 7 is supplied to sampling clock generator 31 and is also output as the 
sampling clock for the main signal lines. Sampling clock generator 31 alternately supplies analogue-to-digital converters 
1 11 and 1 12 with a clock which leads the timing of corrected clock Iq by 6t and a clock which lags behind the timing of 
corrected clock to by 6t. Analogue-to-digital converters 111 and 112 use these clocks to sample, in a system separate 
from the main signal lines, the baseband signal in the in-phase and quadrature channels output from quadrature de- 
tector 1 . Apart from this, the operation of this twelfth embodiment is the same as that of the tenth embodiment. 

Although this twelfth embodiment has a larger circuit scale than the tenth and eleventh embodiments, an improved 
bit error rate can be obtained because the influence of 5t can be excluded from the decoded signals. 

The explanation given here has assumed that QPSK or shift QPSK or another phase modulation scheme was 
used for the modulation, and that a quasi-coherent detection scheme such as baseband differencial detection was 
used for the demodulation. However, this embodiment can also support a 22" QAM (n = 1. 2, ...) modulation scheme 
if a binary clock timing recovery signal is inserted at the transmitting side so that a sine wave is obtained after the 
quadrature detection. 

FIG. 38 is a block diagram of a thirteenth embodiment of the present invention, and shows the configuration of a 
clock timing recovery circuit and of a demodulator in which it is provided. This embodiment implements the present 
invention in a clock timing recovery circuit of a demodulator which uses a 22" QAM (n = 1 , 2, ...) modulation scheme 
for the modulation and coherent detection for the demodulation. In this embodiment, however, it is assumed that a 
binary clock timing recovery signal has been inserted at the transmitting side so that a sine wave is obtained after the 
quadrature detection. 

The constitution of this embodiment is similar to that of the eleventh embodiment, but it differs from the eleventh 
embodiment in that, like the twelfth embodiment, it has analogue-to-digital converters additional to those of the main 
signal lines, and in that it supplies corrected clock to to the analogue-to-digital converters of the main signal lines. 

The demodulator in this thirteenth embodiment comprises quadrature detector 1, carrier recovery circuit 101, an- 
alogue-to-digital converters 2 and 3. baseband signal processing circuit 4, and clock timing recovery circuit 5m. Clock 
timing recovery circuit 5m comprises system clock generator 6, phase shift circuit 7, sampling clock generator 31a. 
squaring circuits 123 and 124, and phase control circuit 32f. It additionally comprises analogue-to-digltal converters 
1 1 1 and 1 1 2. Corrected clock to output by phase shift circuit 7 is supplied to sampling clock generator 3 la and is also 
output as the sampling clock for the main signal lines. Sampling clock generator 3 la supplies, to analogue4o-digrtal 
converters 1 11 and 11 2 respectively, clock tg which leads the timing of corrected clock to by 5t, and clock tj, which lags 
behind the timing of corrected clock to by 6t. Analogue-to-digital converters 111 and 112 use these clocks to sample 
the baseband signals in the in-phase and quadrature channels output from quadrature detector 1, this being done In 
a separate system from the main signal lines. 

FIG. 39 is a block diagram of another example of the configuration of clock timing recovery circuit 51 used in the 
tenth embodiment, and shows an example of a configuration designed to deal with the pseudostable state shown in. 
Fl G. 32- This clock timing recovery circuit shifts the timing of corrected clock to by a half period when it has been detected 
from the baseband signal that the timing of the system clock and the clock timing of the received signal are out by a 
half period. 

This clock timing recovery circuit comprises system clock generator 6, phase shift circuit 7, sampling clock gen- 
erator 31 , squares adding circuit 1 22 and phase control circuit 32e. and additionally comprises kick-off circuit 1 31 and 
adder 132. Kick-off circuit 131 detects a pseudostable state from the sampled signals in the in-phase and quadrature 
channels, and in this case only, outputs a value of T/2 (where T is the symbol period). Adder 132 adds the output of 
kick-off circuit 131 and the output of phase control circuit 32e, and outputs the result to phase shift circuit 7. 

FIG.40 is a block diagram showing an example of a specific configuration for a kick-off circuit. This kick-off circuit 
comprises multipliers 141 and 142. adder 143, comparator 144. counter 145 and ROM 146. Multipliers 141 and 142 
respectively square the sampled signals in the in-phase and quadrature channels. Adder 143 adds the outputs of 
multipliers 141 and 142. Comparator 144 compares the output value of adder 143 with a threshold, and if the output 
of adder 143 is smaller, outputs a "r. and otherwise outputs a "0". Counter 145 counts the outputs of comparator 144 
and outputs a "1 " when this reaches or exceeds a given value. ROM 14^ outputs T/2 when the output of counter 145 
is "1 and othenwise outputs "0". 

FIG.41 is a block diagram showing another example of the configuration of a kick-off circuit, and FlG.42(a)-(h) 
show the signal waveforms in the pseudostable state corresponding to that of FIG.30(b)-G). 

The kick-off circuit sihown in FIG.41 utilises the fact that the sign of the baseband signal when a pseudostable 
state has arisen becomes constant, as shown in FIG.42(a). Switch 151, latches 153 and 155, multiplier 157. sign 
detector 159 and counter 161 are provided for the In-phase channel, and switch 152. latches 154 and 156, multiplier 
158. sign detector 160 and counter 162 are provided for the quadrature channel. OR circuit 163 and ROM 164 are 
also provided. Switch 1 51 switches the sampled signal in the in-phase channel to the two latches 153 and 1 55 at each 
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symbol, while switch 152 likewise switches the sampled signal in the quadrature channel to the two latches 154 and 
156. Multiplier 157 multiplies the outputs of latches 153 and 155, while multiplier 158 multiplies the outputs of latches 
154 and 156. Sign detectors 159 and 160 obtain the signs of the outputs of multipliers 157 and 158 respectively. 
Counters 161 and 162respectively count the outputs of sign detectors 159 and 160, and output a "1" when these reach 
or exceed a given value. OR circuit 163 obtains the logical sum of counters 161 and 162. ROM 164 outputs T/2 when 
the output of OR circuit 163 is T and othenwise outputs 0. 

The explanations given with reference to FIG.39 to FIG. 42 related to examples of configurations for avoiding a 
pseudostable state in the clock timing recovery circuit of the tenth embodiment. If required, a pseudostable state can 
be avoided in similar manner in the other embodiments as well by making some modifications to these configurations. 
Namely, when it has been detected from the baseband signal that the timing of the system clock and the clock timing 
of the received signal diverge by a half period, the pseudostable state of the clock timing recovery circuit can be avoided 
by shifting the clock timing by a half period. Clock timing can also be established rapidly when the clock timing recovery 
circuit is in the vicinity of the pseudostable state, by moving it from this state. 

As has been explained above, unlike a tank-Iimiter clock recovery circuit using IF signal operation, with a clock 
timing recovery circuit according to this invention the clock is not lost when the level of the IF signal decreases. Fur- 
thermore, because there is no need for oversampling such as employed in a clock recovery circuit using a binary 
quantised digital phase-locked loop, and because a processing speed of the order of the symbol rate is sufficient, a 
clock timing recovery circuit according to this invention can readily cope with high data transmission rates. Moreover, 
because processing speed can be restricted to the order of the symbol rate, low power consumption is a possibility 
Furthermore, because almost all the constitutional elements of a clock timing recovery circuit according to the present 
invention can be constructed from digital circuits, it is not necessary to adjust parameters once they have been set, 
thereby making possible a non-adjusting circuit. 



Claims 

1 . A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling the baseband signal obtained by detection of the received signal; and 

control means for controlling the amount of phase shift of this phase shift means; 

wherein a signal for clock timing recovery is added to the baseband signal; and 

the control means Includes; 

first means which causes there to be output from the phase shift means, as a sampling clock for sampling the 
signal for clock timing recovery, a first clock whereof the phase of its n-th leading edge point or trailing edge 
point (n = 1 . 2, 3, ...) from the origin, where one leading edge point or trailing edge point of the system clock 
is taken as the origin, is phase-shifted by nXAt relative to the phase of the system clock (where At is a pre- 
defined amount of phase shift); and 

second means which estimates, from the sampled signal obtained by sampling the signal for clock timing 
recovery, the phase difference between the phase of the system clock and the clock timing at which the bit 
error rate becomes minimum, and which, on the basis of this estimated phase difference, causes there to be 
output from the phase shift means the clock timing for sampling the baseband signal that follows the signal 
for clock timing recovery. 

2. A clock timing recovery circuit according to Claim 1 , comprising; 

sampling clock generating means which generates a second clock with leading or trailing edge points v^rtiich 
lead the leading or trailing edge points of the first clock that is output by the phase shift means by a predefined 
timing difference 8t, and a third clock with leading or trailing edg^ points which lag behind the leading or trailing 
edge points of the first clock by the same timing difference 5t; and 

means which selects the clock which the control means, using the first means, makes the phase shift means 
output, as the sampling clock for sampling the signal for clock timing recovery, and which selects the output 
of the sampling clock generating means as the sampling clock for sampling the baseband signal that follows 
the signal for clock timing recovery; 

wherein the aforesaid second means includes arithmetic means which calculates the amount of phase shift 
of the phase shift means by comparing decision errors obtained from the sampled signal at leading or trailing 
edge points that lead by 5t, with decision errors obtained from the sampled signal at leading or trailing edge 
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points that lag by 5t. 

3. A clock timing recovery circuit comprising: 

5 clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 
timing for sampling the baseband signal obtained by detection of the received signal; and 
control means for controlling the amount of phase shift of this phase shift means; 

wherein there is provided sampling clock generating means which'generates a second clock with leading or 
trailing edge points which lead the leading or trailing edge points of the first clock by a predefined timing 
difference 5t, and a third clock with leading or trailing edge points which lag behind the leading or trailing edge 
points of the first clock by the same timing difference 5t; and 

the control means includes arithmetic means which calculates the amount of phase shift of the phase shift 
means by comparing information relating to the phase error of the clock timing, said information being obtained 
respectively from the sampled signals obtained by sampling the baseband signal using the second and third 
clocks as the respective sampling clocks. 

4. A clock timing recovery circuit according to Claim 3, wherein the information relating to phase error is the decision 
error of the phase component of the sampled signals obtained by the sampling. 

20 

5. A clock timing recovery circuit according to Claim 3, wherein the baseband signal is a signal obtained by coherent 
detection, and the infornnation relating to phase error is the decision errors of the signal points of the sampled 
signals obtained by the sampling, 

A clock timing recovery circuit according to Claim 3, wherein the baseband signal contains a clock timing recovery 
signal, and the information relating to phase error is the amplitudes of the sampled signals obtained by sampling 
this clock timing recovery signal. 

A clock timing recovery circuit according to Claim 6 and having means which shifts the timing of the first clock by 
a half period when it has been detected from the clock timing recovery signal that the timing of the system clock 
and the clock timing of the baseband signal deviate by a half period. 

8. A clock timing recovery circuit according to any of Claims 3 to 7, wherein: 

the sampling clock generating means includes means which alternately selects the second clock and the third 
clock and outputs these as one clock; and 

the control means compares the information relating to phase error obtained alternately in respect of the sec- 
ond clock and the third clock. 

40 9. A clock timing recovery circuit according to any of Claims 3 to 7 wherein: 

the sampling clock generating means outputs the second clock and the third clock separately; and 

the control means compares the phase error related information obtained separately in respect of the second 

clock and the third clock. 
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10. A clock timing recovery circuit according to Claim 9 wherein: 

the baseband signal includes an in-phase channel signal and a quadrature channel signal; 

the second clock is output as a sampling clock for one of the iniDhase channel and the quadrature channel, 

and the third clock is output as a sampling clock for the other cf^annel; and 

the arithmetic means includes means which compares the phase error related information obtained respec- 
tively from the in-phase channel and the quadrature channel. 

1 1 . A clock timing recovery circuit according to any of Claims 3 to 1 0, wherein the second and third clocks generated 
by the sampling clock generating means are output to the main signal lines as sampling clocks for decoding the 
digital data from the baseband signal. 

12. A clock timing recovery circuit according to any of Claims 3 to 10 wherein: 
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the first clock is output to the main signal lines as a sampling clock for decoding the transmitted signal from 
the baseband signal; and there is provided; 

sampling means which uses the second clock and the third clock to sample the baseband signal in separate 
lines from the main signal lines; and 

means for obtaining phase error related information from the output of this sampling means. 

13. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling the baseband signal obtained by detection of the received signal; and 

control means for controlling the amount of phase shift of this phase shift means; 

wherein a signal for clock timing recovery is added to the baseband signal; and 

there is provided sampling clock generating means which generates a second clock with leading or trailing 
edge points which lead the leading or trailing edge points of the first clock by a predefined timing difference 
6t, and a third clock with leading or trailing edge points which lag behind the leading or trailing edge points of 
the first clock by the same timing difference 5t; and 
the control means includes: 

first arithmetic means which calculates the amount of phase shift of the phase shift means by comparing the 
amplitudes of the sampled signals respectively obtained by sampling the signal for clock timing recovery using 
the second and third clocks respectively as sampling clocks; and 

second arithmetic means which calculates the amount of phase shift of the phase shift means by comparing 
the decision errors obtained from the sampled signals when the baseband signal following the signal for clock 
timing recovery is sampled using the second and third clocks respectively as sampling clocks. 

14. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling the baseband signal obtained by detection of the received signal; and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the decision 

errors obtained from the sampled signals obtained by sampling the baseband signal; 

wherein there is provided sampling clock generating means which generates and outputs as the sampling 

clock for the main signal lines a second clock which alternately has a leading edge or trailing edge point which 

leads a leading edge or trailing edge point of the first clock by a predefined timing difference St. and a leading 

edge or trailing edge point wh ich lags behind a leading edge or trailing edge point of the first clock by the same 

timing difference 6t; and 

the control means includes arithmetic means which compares the decision errors obtained from sampled 
signals at the leading edge or trailing edge point that leads by 5t, with the decision errors obtained from sampled 
signals at the leading edge or trailing edge point that lags by 5t, and on this basis calculates the amount of 
phase shift of the phase shift means. 

15. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling, in the main signal lines, the baseband signal obtained by detection of the received signal; 

and 

. control means for controlling the amount of phase shift of the phase shift means on the basis of the decision 
errors obtained from the sampled signals obtained by sampling, the baseband signal; 
wherein there is provided: 

sampling clock generating means for generating a second clock which alternately has a leading edge or trailing 
edge point which leads a leading edge or trailing edge point of the first clock by a predefined timing difference 
6t. and a leading edge or trailing edge point which lags behind a leading edge or trailing edge point of the first 
clock by the same timing difference 5t; and 

sampling means which uses this second clock to sample the baseband signal in separate lines from the main 
signal lines; 

and wherein the control means includes arithmetic means which compares the decision errors obtained from 
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sampled signals at the leading edge or trailing edge point that leads by 5t, with the decision errors obtained 
from sannpled signals at the leading edge or trailing edge point that lags by 6t, and on this basis calculates the 
amount of phase shift of the phase shift means. 

16. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling the baseband signal obtained by detection of the received signal; and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the decision 

errors of the phase components of the sampled signals obtained by sampling the baseband signal, or on the 

basis of the decision errors of the signal points of the sampled signals obtained by sampling the baseband 

signal; 

wherein there is provided sampling clock generating means which generates and outputs as the sampling 
clock for the main signal lines a second clock which alternately has a leading edge or trailing edge point which 
leads a leading edge or trailing edge point of the first clock by a predefined timing difference 6t, and a leading 
edge or trailing edge point which lags behind a leading edge or trailing edge point of the first clock by the same 
timing difference 5t; and 

the control means includes arithmetic means which compares the decision errors of the phase components 
obtained from sampled signals at the leading edge or trailing edge point that leads by 5t. with the decision 
errors of the phase components obtained from sampled signals at the leading edge or trailing edge point that 
lags by 5t, and on this basis calculates the amount of phase shift of the phase shift means. 

17. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling a baseband signal obtained by coherent detection; and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the decision 
errors of the signal points of the sampled signals obtained by sampling the baseband signal; 
wherein there is provided sampling clock generating means which generates a second clock with leading or 
trailing edge points which lead the leading or trailing edge points of the first clock by a predefined timing 
difference 5t, and a third clock with leading or trailing edge points wrfiich lag behind the leading or trailing edge 
points of the first clock by the same timing difference 5t. and which outputs the second clock as the sampling 
clock for one of the in-phase channel and quadrature channel in the main signal lines, and outputs the third 
clock as the sampling clock for the other channel; 

and the control means includes arithmetic means which compares the decision errors respectively obtained 
from the sampled signals in the in-phase and quadrature channels, and on this basis calculates the amount 
of phase shift of the phase shift means. 

18. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 
phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 
timing for sampling, in the main signal lines, a baseband signal obtained by quasi-coherent or coherent de- 
tection; and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the decision 
errors of the phase components of the sampjed signals obtained by sampling the baseband signal, or on the 
basis of the decision errors of the signal points of the sampled signals; 
wherein there is provided: ^ 

sampling clock generating means which generates a second clock which alternately has a leading edge or 
trailing edge point w^ich leads a leading edge or trailing edge point of the first clock by a predefined timing 
difference 6t, and a leading edge or trailing edge point which lags behind a leading edge or trailing edge point 
of the first clock by the same timing difference 5t; and 

sampling means which uses this second clock to sample the baseband signal in separate lines from the main 
signal lines; 

and wherein the control means includes arithmetic means which compares the decision errors obtained from 
the sampled signals at a leading edge or trailing edge point that leads by 5t, with the decision errors obtained 
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from the sampled signals at the leading edge ortrailing edge point that lags by 5t, and on this basis calculates 
the amount of phase shift of the phase shift means. 

19. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling, in the main signal lines, a baseband signal obtained by coherent detection; and 

control means for controlling the amount of phase shift of this phase shift means on the basis of the decision 

errors of the signal points of the sampled signals obtained by sampling the baseband signal; 

wherein there is provided: 

sampling clock generating means which generates a second clock with leading or trailing edge points which 
lead the leading or trailing edge points of the first clock by a predefined timing difference 6t. and a third clock 
with leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the 
same timing difference 5t; and 

sampling means which uses the second clock to sample, in separate lines from the main signal lines, the 
baseband signal in one of the in-phase channel and the quadrature channel, and which uses the third clock 
to sample the baseband signal in the other channel; 

and wherein the control means includes arithmetic means which compares the decision errors obtained from 
the sampled signals of the in-phase and quadrature channels, and on this basis calculates the amount of 
phase shift of the phase shift means. 

20. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling the baseband signal obtained by detection of the received signal; and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the amplitude 

of the sampled signals obtained by sampling a clock timing recovery signal contained in the baseband signal; 

wherein there Is provided sampling clock generating means which generates and outputs as the sampling 

clock for the main signal lines, a second clock which alternately has a leading edge or trailing edge point which 

leads a leading edge or trailing edge point of the first clock by a predefined timing difference St, and a leading 

edge or trailing edge point which lags behind a leading edge or trailing edge point of the first clock by the same 

timing difference 5t; and 

the control means includes arithmetic means which compares, in respect of the sampled signals obtained by 
sampling using this sampling clock, the amplitude of the sampled signal at the leading edge or trailing edge 
point that leads by 6t, and the amplitude of the sampled signal at the leading edge or trailing edge point that 
lags by 6t. and on the basis of the result of this comparison, calculates the amount of phase shift of the phase 
shift means. 

21. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling the baseband signal obtained by detection of the received signal; and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the amplitude 

of the sampled signals obtained by sampling a clock timing recovery signal contained in the baseband signal; 

wherein there is provided sampling clock generating means which generates a second clock with leading or 

trailing edge points which lead the leading or trailing edge points of the first clock by a predefined timing 

difference 5t, and a third clock with leading ortrailing edge points -which lag behind the leading ortrailing edge 

points of the first clock by the same timing difference 8t, and which outputs the second clock as the sampling 

clock for one of the in-phase channel and the quadrature channel in the main signal lines, and outputs the 

third clock as the sampling clock for the other channel; 

and the control means includes arithmetic means which compares the amplitudes of the sampled signals in 
the in-phase and quadrature channels, and on the basis of the result of this comparison, calculates the amount 
of phase shift of the phase shift means. 

22. A clock timing recovery circuit comprising: 
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clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling, in the main signal lines, the baseband signal obtained by detection of the received signal; 

and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the amplitude 
of the sampled signals obtained by sampling a clock timing recovery signal contained in the baseband signal; 
wherein there is provided: 

sampling clock generating means which generates a second clock which alternately has a leading edge or 
trailing edge point which leads a leading edge or trailing edge point of the first clock by a predefined timing 
difference 5t, and a leading edge or trailing edge point which lags behind a leading edge or trailing edge point 
of the first clock by the same timing difference 6t; and 

sampling means which uses this second clock to sample the baseband signal in separate lines from the main 
signal lines; 

and wherein the control means includes arithmetic means which compares, in respect of the sampled signals 
obtained by the sampling means, the amplitude of the sampled signal at a leading edge point or trailing edge 
point which leads by 6t. and the amplitude of the sampled signal at a leading edge point or trailing edge point 
which lags by 6t, and on the basis of the result of this comparison, calculates the amount of phase shift of the 
phase shift means. 

23. A clock timing recovery circuit comprising: 

clock generating means for generating a system clock which repeats with a fixed period; 

phase shift means which outputs a first clock, phase-shifted with respect to the system clock, as the clock 

timing for sampling, in the main signal lines, the baseband signal obtained by detection of the received signal; 

and 

control means for controlling the amount of phase shift of the phase shift means on the basis of the amplitude 
of the sampled signals obtained by sampling a clock timing recovery signal contained in the baseband signal; 
wherein there is provided: 

sampling clock generating means which generates a second clock with leading or trailing edge points which 
lead the leading or trailing edge points of the first clock by a predefined timing difference 5t, and a third clock 
with leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the 
same timing difference §t; and 

sampling means which uses the second clock to sample, in separate lines from the main signal lines, the 
baseband signal in one of the in-phase channel and the quadrature channel, and which uses the third clock 
to sample the baseband signal in the other channel; 

and wherein the control means includes arithmetic means which compares the amplitudes of the sampled 
signals in the in-phase and quadrature channels, and on the basis of the results of this comparison, calculates 
the amount of phase shift of the phase shift means. 

24. A clock timing recovery method for recovering, from a signal for clock timing recovery contained in the baseband 
signal obtained by detection of the received signal, the clock timing for sampling the baseband signal that follows 
this signal for clock timing recovery; 

said method comprising: 

forming, as the sampling clock, a clock whereof the phase of its n-th leading edge point or trailing edge point 
(n = 1. 2, 3, ...) from the origin, where one leading edge point or trailing edge point of a system clock which 
repeats with a fixed period is taken as the origin, is shifted by nXAt relative to the phase of the system clock 
(where At is a predefined amount of phase shift); 
sampling the signal for clock timing recovery using this sampling clock; 

estimating, from the sampled signals obtained by this sampling, the phase difference between the phase of 
the system clock and the clock timing at which the bit error rate is minimum; and 

recovering the clock timing for sampling the baseband signal that follows the signal for clock timing recovery, 
by causing the phase of the system clock to shift by the estimated amount of phase difference. 

25. A clock timing recovery method for recovering clock timing on the basis of the decision errors of sampled signals 
obtained by sampling a baseband signal; 

said method comprising: 
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generating, from a first clock obtained by phase shifting a system clock which repeats with a fixed period, a 
second clock with leading or trailing edge points which lead the leading or trailing edge points of the first clock 
by a predefined timing difference 6t, and a third clock with leading or trailing edge points which lag behind the 
leading or trailing edge points of the first clock by the same timing difference 5t, said second and third clocks 
serving as sampling clocks for the main signal lines; 

obtaining decision errors from the sampled signals obtained by using these sampling clocks to sample the 
baseband signal; 

calculating the amount of phase shift to be applied to the first clock on the basis of the result of comparing the 
decision errors obtained from the sampled signals at the leading edge or trailing edge point of the second 
clock, with the decision errors obtained from the sampled signals at the leading edge or trailing edge point of 
the third clock; and 

shifting the phase of the system clock on the basis of this amount of phase shift. 

26. A clock timing recovery method for recovering clock timing on the basis of the decision errors of the sampled 
signals obtained by sampling a baseband signal; 

said method comprising: 

outputting, as the sampling clock for the main signal lines, a first clock obtained by phase shifting a system 
clock which repeats with a fixed period, and forming a second clock with leading or trailing edge points which 
lead the leading or trailing edge points of the first clock by a predefined timing difference 6t, and a third clock 
with leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the 
same timing difference 6t; 

obtaining decision errors from the sampled signals obtained using these second and third clocks to sample 
the baseband signal separately from the main signal lines; 

calculating the amount of phase shift to be applied to the first clock on the basis of the result of comparing the 
decision errors obtained from the sampled signals at the leading edge or trailing edge point of the second 
clock, with the decision errors obtained from the sampled signals at the leading edge or trailing edge point of 
the third clock; and 

shifting the phase of the system clock on the basis of this amount of phase shift. 

27. A clock timing recovery method for recovering, from a signal for clock timing recovery contained in the baseband 
signal obtained by detection of the received signal, the clock timing required for decoding this baseband signal; 

said method comprising: 

forming, from a first clock obtained by phase shifting a system clock which repeats with a fixed period, a second 
clock with leading or trailing edge points which lead the leading or trailing edge points of the first clock by a 
predefined timing difference 6t, and a third clock with leading or trailing edge points which lag behind the 
leading or trailing edge points of the first clock by the same timing difference 6t, these second and third clocks 
serving as sampling clocks for the main signal lines; 
using these sampling clocks to sample the signal for clock timing recovery; 

comparing, in respect of the sampled signals obtained by this sampling, the amplitude of the sampled signal 
at the leading edge point or trailing edge point of the second clock, with the amplitude of the sampled signal 
at the leading edge point or trailing edge point of the third clock; 

calculating the amount of phase shift to be applied to the first clock on the basis of the result of this comparison; 
and 

recovering the clock timing by shifting the phase of the system clock on the basis of this amount of phase shift. 

28. A clock timing recovery method for recovering, (rom a signal for clock timing recovery contained in the baseband 
signal obtained by detection of the received signal, the clock timing required for decoding this baseband signal; 

said method comprising: 

outputting. as the sampling clock for the main signal lines, a first clock obtained by phase shifting a system 
clock which repeats with a fixed period, and forming a second clock with leading or trailing edge points which 
lead the leading or trailing edge points of the first clock by a predefined timing difference 5t, and a third clock 
with leading or trailing edge points which lag behind the leading or trailing edge points of the first clock by the 
same timing difference 8t; 

using these second and third clocks to sample the signal for clock timing recovery in separate lines from the 
main signal lines; 
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comparing, in respect of the sampled signals obtained by this sampling, the amplitude of the sampled signal 
at a leading edge point or a trailing edge point of the second clock, with the amplitude of the sampled signal 
at the leading edge point or trailing edge point of the third clock; 

calculating the amount of phase shift to be applied to the first clock on the basis of the results of this comparison; 
and 

recovering the clock timing by shifting the phase of the system clock on the basis of this amount of phase shift. 
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clock 
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Sample the baseband signals in the I and 
Q channels using this sampling clock. 



Calculate the sum of the squares 
of the sample values : Ra = V + 



Generate a sampling clock which lags 
the corrected clock by 6 t 



Sample the baseband signals in the I and 
Q channels using this sampling clock. 



Calculate the sum of the 
squares of the sample values : Rb = T + Q^ 
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